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Preface

Robotic tubal reanastomosis marked the beginning of the era of robotic 
surgery in gynecology. In 1998, Margossian et al. work on porcine animal 
models concluded that a robotic approach to tubal surgery is a safe and 
feasible technique, with 100% immediate and 67% 4-week patency rates. 
Two years later, Falcone et al. and Degueldre et al. described bilateral tubal 
reanastomosis in ten and eight cases, respectively, completed with the 
robotic surgical systems. Currently, robotics is being used in every area of 
infertility and gynecological surgery.

Advanced glycation end products are pro-inflammatory molecules 
that trigger a state of intracellular oxidative stress and inflammation after 
binding to their cell membrane receptors, such as RAGE. The activation 
of the AGE-RAGE axis has been well known to play a role in type 2 dia-
betes mellitus, obesity, metabolic syndrome, cardiovascular disease, aging, 
inflammation, and neurodegenerative disorders. AGEs might contribute 
to the etiology of polycystic ovary syndrome and infertility. There exists 
a complex relationship between the AGE-RAGE system and infertility as 
well as ovarian reserve in women of reproductive age. 

Recently, increased attention has been placed on the male partner in 
infertility, and it is becoming clear that a diagnosis of male factor infertil-
ity may be associated with long-term health consequences that go beyond 
the immediate reproductive needs of patients, particularly in the current 
environment of increasing paternal age.

This book highlights some of the important insights into the newer 
and unusual practices in infertility and how to manage infertility effec-
tively. We sincerely hope that this initiative goes a long way in managing 
patients with infertility and improve clinical outcomes in infertile couples.

Happy reading!
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Robot-Assisted Tubal Reversal

Background

The permanent female family planning option of tubal ligation is a safe, 
highly effective, and permanent form of contraception. Tubal ligation 
includes a number of different procedures and techniques. The idea 
behind the technique is to prevent pregnancy by disrupting the patency of 
the fallopian tubes [1]. Depending on the timing of the procedure, tubal 
ligation may be performed in one of the several ways. It may be performed 
immediately after childbirth (postpartum sterilization) or at a time unre-
lated to a pregnancy (interval sterilization). Postpartum sterilization pro-
cedures are performed following Cesarean section or vaginal delivery via 
minilaparotomy. For interval sterilization, laparoscopy is the most pre-
ferred option. Pomeroy, Parkland, Irving, and Madlener procedures, as 
well as fimbriectomy, are common open surgical methods. Laparoscopic 
tubal sterilization is disruption of tubal continuity through the use of 
loops, clips, or electrocautery.

Although tubal sterilization procedures are considered to be per-
manent, requests for reversal of the procedure (recanalization) are not 
infrequent (1–5%) [2]. The reversal procedure can be done either by open 
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laparotomy or by minimally invasive surgery (laparoscopic or robotic 
approaches). The damaged part of the tube is excised, and the remaining 
patent ends are brought together and sutured, thus reestablishing tubal 
patency. The use of a microscope or loupes for magnification has been 
shown to be beneficial during open surgery [3] but is not necessary with a 
robotic approach since robotic surgical equipment provides magnification 
in addition to three-dimensional (3D) viewing.

The method of sterilization, remaining tube length following rever-
sal, the length of time from the original sterilization procedure to rever-
sal, and the woman’s age are important factors that affect the success of 
reversal procedures [4]. Women’s age older than 36 years, remaining tube 
length less than 4 cm, and sterilization for more than 5 years were found to 
negatively influence the success rate of the reversal procedure [5]. In terms 
of pregnancy rates, reversal procedures using clip or Falope ring steriliza-
tion have better results compared to coagulation or Pomeroy’s technique. 
The use of operating loupes or a microscope, fine sutures, operator expe-
rience, and surgical techniques plays an important part in the success of 
reversal procedures [5]. The most reversible procedure is the placement of 
the Falope ring (83% term delivery), and the least reversible is fimbriec-
tomy (29% term delivery) [3].

Description of the Intervention

The traditional approach has been to perform a laparoscopy to determine 
operability followed by an open laparotomy procedure using microsurgi-
cal techniques. Pregnancy rates of 70–80% have been achieved in women 
with a good prognosis [3, 5].

Because technology has developed and equipment has improved, 
laparoscopic surgeons are now recommending laparoscopic tubal rean-
astomosis with more confidence. Quicker recovery time and return to the 
job, early hospital discharge, and smaller incisions are the main advan-
tages of this approach for the patients [6]. However, laparoscopic tubal 
anastomosis requires a high level of surgical expertise and proficiency. The 
laparoscopic method has a long learning curve for attaining proficiency in 
successful tubal reanastomosis compared to traditional open methods and 
is therefore only available only in selected centers. Safety and success are 
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imperative in any surgery. According to some reports, laparoscopic tubal 
reanastomosis has more than 70% success for conception and ongoing 
pregnancy, a rate which is comparable to conventional open surgical tech-
niques [6].

Robotic Surgery in Tubal Reversal

Robotic tubal reanastomosis marked the beginning of the era of robotic 
surgery in gynecology. In 1998, Margossian et al.’s work on porcine animal 
models concluded that a robotic approach to tubal surgery is a safe and fea-
sible technique, with 100% immediate and 67% 4-week patency rates [7]. 
Two years later, Falcone et al. (ZEUS Robotic Surgical System, Computer 
Motion, now Intuitive Surgical, Sunnyvale, CA) and Degueldre et al. (da 
Vinci Surgical System, Intuitive Surgical) described bilateral tubal rean-
astomosis in ten and eight cases, respectively, completed with the robotic 
surgical systems [8, 9].

For the last decade, surgical sterilization has been the second most 
commonly used form of contraception overall in the United States and the 
most frequently used method among married women and women over 
30 years old. Bilateral tubal ligation is the most effective and commonly 
used method of surgical sterilization [10]. While completion of childbear-
ing and medical indications are the main reasons for undergoing tubal 
ligation, up to 30% of women will later regret their decisions. Change in 
a partner or marital status, young age, and nonwhite race are predictors 
for regret [2].

Microscopic tubal reanastomosis is generally recommended for 
women without a history of reproductive dysfunction [11]. Age is an 
important factor for prediction of pregnancy rates and pregnancy out-
comes and should be considered along with other reproductive param-
eters as part of the preoperative workup.

Surgical Procedure

Several surgical techniques have been described for robotic tubal rea-
nastomosis [11–13]. A commonly used protocol is to induce general 
anesthesia, place the patient in the dorsal lithotomy position, and apply 
intermittent pneumatic compression boots in both lower extremities. 
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A uterine positioning system is used to ensure consistent intrauterine 
manipulation and chromopertubation. Pneumoperitoneum is created 
with a Veress needle followed by port placement and placement of a 
Visiport (US Surgical, Norwalk, CT) 5-mm trocar along with an orogas-
tric tube in the suction mode to deflate stomach air. The da Vinci Si robot 
(Intuitive Surgical, Sunnyvale, CA) is docked obliquely, and the patient 
is placed in a Trendelenburg position. The surgical team insufflates the 
abdomen up to 11–14 mmHg and inserts three robotic ports under direct 
visualization. The 12-mm camera trocar is generally placed at the umbili-
cus. Two 8-mm robotic trocars are placed 8–12 cm lateral and slightly 
caudal to the umbilicus. An additional 12-mm assistant port is placed in 
the left upper quadrant, replacing the 5-mm initial trocar. The standard 
protocol allows for positioning of the robot between the patient’s legs, 
although side docking is our preferred approach due to ease of vaginal 
access for chromopertubation and uterine manipulation [14].

After the robot is docked, scissors and bipolar forceps are used to 
immobilize the mesosalpinx and distal and amputate proximal tubal seg-
ments. The third robotic arm is used to improve exposure with robotic 
forceps. In most cases, the preferred hemostasis routine is dilute vasopres-
sin injection into the proximal and distal segments of the mesosalpinx. 
Preferably, the surgeon should minimize the use of electrosurgery to avoid 
damage to the fallopian tube tissues. After amputating both sides of the 
stumps, chromopertubation is performed to assure tubal patency.

A catheter is used as a tubal stent to identify the distal tubal lumen 
and secure the anatomic orientation of the tube during the reanastomo-
sis. Two Black Diamond Micro Forceps (EndoWrist; Intuitive Surgical) 
are utilized for suturing. Most centers prefer using 6-0 polyglycolic acid 
(reapproximate the mesosalpinx) and 8-0 polypropylene sutures (reap-
proximate the tube). At the end of the procedure, chromopertubation is 
performed to assure tubal patency, and an adhesive barrier is placed.

After Surgery

For the postoperative follow-up, patients are taken to the recovery room 
and observed for several hours. Nonsteroidal anti-inflammatory drugs 
and narcotic pain medication are used for postoperative pain control. 
Patients can discharge the same day if there is no other contraindication 
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to discharge, but patient activity is limited for up to 14 days after surgery. 
Conception is not recommended until a hysterosalpingogram (HSG) at 
least 8 weeks after surgery confirms tubal patency.

After surgery, the risk of ectopic pregnancy is increased up to tenfold 
compared with the general population [15]. Therefore, patients should 
undergo a pregnancy test immediately following the first day of a missed 
menstrual period to exclude ectopic pregnancy.

In one study, the pregnancy rate was found to be 71% at 2-year follow-
up after robotic tubal reanastomosis. The highest pregnancy rate, 91%, 
was observed in patients under 35 years old, and the lowest pregnancy 
rate, 33%, was in those over 43 years. Pregnancy rates among women aged 
36–39 years were 75%; in those aged 40–42 years, the rate was 50% [16].

In two prospective studies evaluating surgical outcomes following 
robotic tubal reanastomosis (total of 95 patients), authors found prolonged 
surgical times and increased cost for the robotic versus a classic open 
microsurgical approach to tubal reanastomosis [13, 17]. Hospitalization 
times and pregnancy and ectopic pregnancy rates were comparable 
between the two groups. Dharia Patel et al. reported shorter hospitaliza-
tion times and decreased time for recovery in the robotic surgery group. 
The cost per delivery was similar between the two approaches.

In conclusion, robotic tubal reanastomosis is a safe and feasible tech-
nique with pregnancy rates on par with those achieved following in vitro 
fertilization (IVF) [13].

Robot-Assisted Reconstruction of Uterine Anomalies

Introduction

Müllerian duct anomalies are congenital malformations caused by altered 
development of the genital tract with a prevalence of 5–7% in the female 
patient population [18–20]. They are often asymptomatic and therefore 
unrecognized until they present with a variety of gynecological and 
obstetrical problems [21, 22]. A variety of surgical treatment modalities 
are performed to restore a normal uterine and/or vaginal architecture and 
preserve fertility. Since vascularization of anomalous organs and myome-
trial and cervical functions may also be impaired, normal or near-normal 
architecture cannot always be achieved [23].
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Surgical correction of these anomalies can be performed either by 
open abdominal/vaginal surgery or by endoscopic approaches including 
hysteroscopic, laparoscopic, or robot-assisted laparoscopic routes. The 
nature of the anomaly determines the most appropriate method.

In addition to a general outline of the classification, etiology, presen-
tations, investigations, and available treatment options, this chapter will 
review robot-assisted laparoscopic surgery as a relatively new approach 
for correcting these congenital Müllerian anomalies.

Background/Etiology

A series of complex events including cellular differentiation, migration, 
fusion, and canalization are involved in the development of the female 
genital tract, and any failure of these processes at any step may lead to 
a congenital anomaly. Embryologically, Müllerian abnormalities arise 
mainly from four defective Müllerian duct steps with a sporadic occur-
rence and no evidence of familial inheritance [20, 24]:
zz Unilateral maturation of one Müllerian duct with absent or incom-

plete development of the other side, either focal or whole-tube agen-
esis of both Müllerian ducts

zz Absent or faulty midline fusion of the Müllerian ducts
zz Defects of canalization

The most widely accepted classification of Müllerian duct anomalies 
is the American Fertility Society (AFS) classification which categorizes 
these anomalies into groups with similar clinical characteristics, pregnan-
cy prognosis, and treatment. Reproductive tract abnormalities associated 
with the fetal exposure to diethylstilbestrol (DES) are also included in this 
classification as class VII [24].

The Class I defects caused by segmental Müllerian hypoplasia or 
agenesis may affect the vagina, cervix, uterine fundus, or fallopian tubes. 
These defects can occur in isolation or may be seen in association with 
other Müllerian defects. Class I vaginal abnormalities comprise vaginal 
agenesis and two types of congenital septa, arising from either a fusion, 
a resorption defect (longitudinal septum), or incomplete canalization/
vertical fusion failure between the up-growing urogenital sinus and the 
down-growing Müllerian duct system (transverse septum). In Mayer-
Rokitansky-Küster-Hauser (MRKH) syndrome, upper vaginal agenesis 
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is typically associated with hypoplasia or uterine agenesis and may be 
accompanied by renal, skeletal, and auditory system abnormalities. Class 
I cervical developmental abnormalities are constituted of duplication, 
partial or complete agenesis, and longitudinal septa [24, 25].

Although they may be observed in a variety of forms, the more 
common uterine abnormalities may be categorized in AFS classification 
as uterine fundal hypoplasia or agenesis (Class I), unicornuate uterus 
(Class II), uterine didelphys (Class III), bicornuate uterus (Class IV), 
septate uterus (Class V), and arcuate uterus (class VI) [24]. In a review by 
Nahum, the most common uterine anomalies were bicornuate (39%) and 
septate (34%), while didelphic, arcuate, unicornuate, and hypo or aplastic 
were observed as 11%, 7%, 5%, and 4%, respectively [26].

In unicornuate uterine anomaly, which develops in 1 in 4000 women 
[27], a rudimentary or underdeveloped horn may be present or absent. 
When it is present, there may or may not be communication with the 
other horn, and an endometrium-lined cavity may or may not exist [25].

A total lack of Müllerian duct fusion leads to uterine didelphys, 
which are characterized by two entirely separate cervices, hemi-uteri, and, 
usually, two vaginas or a longitudinal vaginal septum [28]. It can occur in 
isolation or may be part of a triad named shortly as obstructed hemiva-
gina and ipsilateral renal agenesis (OHVIRA) which is also known as 
Herlyn-Werner-Wunderlich syndrome [29, 30].

The lack of fundal fusion may also result in two hemiuteri, with only 
one cervix and vagina, which is called bicornuate uterus. A longitudinal 
vaginal septum may also accompany this anomaly [25].

When a defect in resorption results in a persistent partial or complete 
longitudinal septum within the uterine cavity, a septate uterus is formed. 
A complete vaginocervicouterine septum may be detected in rare cases 
[25].

The arcuate uterus is a kind of malformation which is regarded as a 
mild deviation from normal uterine development [25].

Hybrid anomalies are not described in AFS classification. For 
example, the combination of a septate uterus and bicornuate uterus is 
called “hybrid septate variety” and is not included in the classification [24, 
31]. Nonuterine anomalies are also not included in AFS classification, but 
it allows additional descriptors of associated vaginal, tubal, and urinary 
abnormalities.
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Presentation, Investigation, and Treatment Options

The presentation of Müllerian anomalies varies greatly, depending on 
the defect involved. Either cyclic or noncyclic pelvic pain and dysmenor-
rhea with increasing intensity, abnormal vaginal bleeding, or pain may 
be observed in adolescent girls after the start of menstrual periods. As 
for menstrual abnormalities, while minimal endometrium may lead to 
hypomenorrhea in some cases, amenorrhea may signify a vertical fusion 
defect or Mayer-Rokitansky-Küster-Hauser syndrome. A longitudinal 
vaginal septum, which may occur alone or accompany a didelphic or 
other form of double uterine anomaly, may lead to dyspareunia, leukor-
rhea, bleeding complaints despite the use of a tampon, and dystocia at 
delivery. In some cases, a mass may be detected on bimanual examination 
due to a hydrocolpos, and hematocolpos may be caused by a one-sided 
obstruction in the vagina, which may be complicated with microperfora-
tions leading to infection. If a noncommunicating functioning horn leads 
to retro menstruation, a woman may present with endometriosis and its 
associated symptoms. Obstetrical complications, such as recurrent preg-
nancy loss, cervical incompetence, antepartum and postpartum bleeding, 
intrauterine growth restriction, malpresentation, preterm delivery, preg-
nancy-associated hypertension, uterine rupture, and cesarean delivery, 
are also more common in women with uterine anomalies [32]. Women 
with or without uterine anomalies have similar clinical pregnancy rates 
when they undergo IVF [33, 34] since uterine abnormalities typically 
don’t interfere with conception and implantation.

During the evaluation of common gynecologic and obstetric prob-
lems mentioned above, most congenital anomalies of the uterus and 
vagina are diagnosed incidentally. During infertility or reproductive loss 
workup, anomalies are discovered after a two-dimensional ultrasonogra-
phy or hysterosalpingogram, which are the acceptable first-line screen-
ing tools favoring assessment of the adnexa and fallopian tube patency, 
respectively. Ultrasonography is also helpful to detect associated renal 
anomalies. The uterine cavity may be well delineated by both hysterosal-
pingography and saline infusion sonohysterography. Magnetic resonance 
imaging and/or three-dimensional ultrasonography are also the best non-
invasive means to diagnose uterine anomalies [32]. Although they are less 
frequently required because of the radiologic advances described above, 
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additional information may be obtained by examination with the patient 
under anesthesia, vaginoscopy, or laparoscopy alone or together with hys-
teroscopy in cases of complicated Müllerian anomalies [35, 36].

Among the various types of congenital uterine anomalies, uterine 
septa, bicornuate uteri, and obstructed hemiuteri, rather than unicornu-
ate or arcuate uteri, are good candidates for surgical repair with the indi-
cations of pelvic pain and repetitive pregnancy loss after other causes are 
excluded [37].

The obstructed rudimentary noncommunicating uterine horn should 
be removed by laparoscopic or robot-assisted laparoscopic routes.

If medical therapy is ineffective, dysmenorrhea in women with 
septate uteri may be candidates for hysteroscopic metroplasty. In such 
cases, the possibility of coexistent endometriosis should also be evaluated 
by laparoscopy [23]. However, if the septum cannot be safely removed 
hysteroscopically or the uterine cervix cannot be dilated for introduc-
tion of the hysteroscope, then abdominal or laparoscopic approaches, 
such as the Jones metroplasty (a wedge resection of the portion of the 
uterine fundus containing the septum) or Tompkins metroplasty (a modi-
fied Jones metroplasty technique performed without removing any tissue) 
can be used [23]. As an acceptable alternative to abdominal metroplasty 
for uterine unification, robotic metroplasty with modified Jones metro-
plasty technique was reported for a patient with complete septated uterus 
with double cervix [38]. In a report by Gungor et al., a modified Tomkin’s 
metroplasty procedure was performed with the use of robotic technology 
in a patient with hybrid septate variant anomaly [39].

For vaginal construction in patients with vaginal agenesis, androgen 
insensitivity syndrome, congenital adrenal hyperplasia, and gonadal dys-
genesis, various nonsurgical and surgical techniques with different func-
tional outcomes have been described [40]. As a first-choice treatment, 
nonsurgical vaginal dilation has been put forward. Although its func-
tional results are good, keeping the neovagina patent requires mechanical 
dilatation with lubrication and periodically [41]. Among surgical tech-
niques, the Abbe-McIndoe operation, the laparoscopic Davydov tech-
nique, the laparoscopic Vecchietti modified technique, and laparotomic 
and laparoscopic sigmoid vaginoplasty are the most widely used [42–46]. 
The first case of robot-assisted rectosigmoid vaginoplasty performed on 
an adolescent with congenital vaginal atresia was reported by a pediatric 
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surgeon group in 2008 [47]. Recently, Boztosun and Olgan presented a 
second case of a robotic approach to vaginal agenesis repair in an adoles-
cent girl [48]. From India, Pushkar et al. reported a combined robotic and 
perineal approach for a 9-year-old girl with vaginal atresia in which the 
urogenital sinus (UGS) failed to contribute to the formation of the lower 
(distal) portion of the vagina [49].

For women with Müllerian agenesis and fusion defects, such as 
MRKH and congenital absence of the uterus, uterine transplant is a poten-
tial alternative to adoption or using a gestational carrier [23]. The robot-
assisted approach has never been described for uterine transplantation, 
but it was recently proposed by Iavazzo and Gkegkes [50].

Surgical Technique

Initially, Kim et al. presented their technique for a completely robotic 
approach for the abdominal portion of a sigmoid vaginoplasty operation 
performed on a 17-year-old patient with 46,XY with androgen insensitiv-
ity syndrome [47]. Later, Boztosun and Olgan described their technique 
for robotic sigmoid vaginoplasty in an adolescent girl with MRKH. After 
the patient was positioned in a modified lithotomy position with PAS 
stockings with legs apart and secured to the bed with tape across the chest, 
four ports were used. The port placement was guided from prior reports 
of robotic sigmoid resection and the expected range needed to work in 
the patient’s pelvis [51, 52]. Intraumbilically, a 12-mm trocar was placed, 
and two 8-mm robotic ports were placed in the left upper quadrant along 
the anterior axillary line and in the right lower quadrant lateral to the 
inferior epigastric vessels. As an accessory port, a fourth 5-mm laparo-
scopic port was placed just below the umbilicus and lateral to the inferior 
epigastric vessel port to provide additional retraction and expedite suture 
passage. After the table was rotated with the right side down approximate-
ly 30° for the small intestine to fall out of the surgical field, the robot was 
docked from the patient’s left side [47]. After mobilization of the sigmoid 
colon, a 15-cm segment was measured with a piece of suture material 
and divided via a laparoscopic endovascular stapler introduced through 
the 12-mm umbilical port under temporary viewing with a 5-mm lapa-
roscopic camera. With the robotic arms, the colon was reanastomosed, 
and the mesentery was reapproximated using a freehand technique. The 
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isolated sigmoid segment was brought to the true pelvis without tension 
on its blood supply. A metal dilator was introduced from the perineum, 
posterior to the bladder and anterior to the rectum, to identify a path to 
position the sigmoid segment. By using electrocautery from a robotic 
working arm, an access into the peritoneum was made, and the distal end 
of the sigmoid was brought out the perineum. Additional tacking sutures 
were placed from the abdomen to secure the serosa of the sigmoid to the 
peritoneum in the pelvis [47].

To alleviate dysmenorrhoea, prevent an intracornual pregnancy, and 
possibly prevent endometriosis in cases of a rudimentary horn, a robotic-
assisted laparoscopic approach can be used to perform a hemi-hysterec-
tomy. In such cases, it is better to insert a uterine manipulator via the 
cervix to enable lateralization and identification of the communicating 
hemiuterus. If the cystic mass is large, the trocars are placed higher, but 
equally distributed, with an aim to facilitate surgery in the upper abdomen, 
as used for standard robot-assisted surgery in the pelvis [53, 54].

Results

Robotic vaginoplasty provides an opportunity for healthy adolescent 
patients with vaginal agenesis to benefit from the satisfying functional 
and relatively cosmetic results [48]. Performing a vaginal reconstruc-
tion by using a sigmoid colon in a minimally invasive approach, a colon-
colon anastomosis without using a stapling device in laparoscopy, or an 
extracorporeal reconstruction through an additional incision of 3–4 cm 
necessitates extra surgical skills and training. However, with the advent 
of robotic surgery, the articulating instruments of the robot may provide 
complete wrist dexterity, which combines fine control with precision 
when performing cutting and intracorporeal suturing [55]. Therefore, a 
robotic vaginoplasty performed with a robot-sewn anastomosis might 
avoid additional laparoscopic techniques and laparotomy, resulting in a 
reduced risk of anastomotic complications [56] and a hospitalization time 
approximately 3 days shorter than for laparotomy [48]. In a recent report 
of robotic sigmoid vaginoplasty technique [48], the docking, surgeon 
console (including both abdominal and vaginal procedures), and total 
operative times (from docking to undocking) were reported as 50, 180, 
and 240 min, respectively. In the first report by Kim et al., the total time in 
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the operating room was 9 h and 45 min, more than 90 min of which was 
used for access issues [47].

Robotic metroplasty is reported to be a safe, feasible, and successful 
surgical option [38, 39]. In addition to the technologic advantages of ergo-
nomics, magnified high-definition (HD) three-dimensional (3D) optics, 
the autonomy of camera control, and wristed instrumentation, robotics 
may simplify the operation by allowing a delicate dissection of the uterus 
with minimal injury to the uterine wall, which might be more difficult 
with a traditional laparoscopic approach.

The robotic system also facilitates minimally invasive surgery even 
in rare and complex conditions which may be encountered during the 
corrective surgeries of various anomalies. As demonstrated by Anderberg 
et al., the meticulous retroperitoneal vessel dissection and subsequent 
step-by-step mapping and coagulation of the atypical blood vessels sup-
plying the hemi-uterus and adnexa were successfully achieved with a 
robot-assisted laparoscopic approach during a hemi-hysterectomy proce-
dure for a rare genitourinary malformation with associated duplication 
of the inferior vena cava [53]. The main disadvantages of a robot-assisted 
approach are the high cost for the health centers and the patients, the 
requirement for a larger operating room because of the bulky machinery, 
and the necessity of specific training for the surgical team. The need for 
more and larger ports may be a relative disadvantage for some patients 
who are highly worried about the cosmetic results.

Complications

The limited number of case reports related to corrective surgeries for 
female reproductive tract anomalies showed good results with no postop-
erative complications. The estimated blood loss was minimal, usually less 
than 100 mL [39, 47, 48, 57]. There is an increased risk of uterine rupture 
with procedures requiring fundal hysterotomy, and cesarean delivery is 
recommended for these women [23].

Conclusion/Personal Review

A steep learning curve is inevitable for reconstructive laparoscopic pro-
cedures. Robot-assisted laparoscopy may offer an avenue for overcoming 



ROLE OF ROBOTICS IN THE MANAGEMENT OF INFERTILITY • 13

some of the technical limitations of traditional laparoscopic surgery. The 
feasibility of robotic sigmoid vaginoplasty and robotic metroplasty with 
various corrective surgery techniques for female genital tract anomalies 
has been well explored, and the robotic approach gives hope for a possi-
ble role in uterine transplantation, too. However, we should keep in mind 
the fact that with the refinement of the technology, the issues of cost and 
training need to be addressed for the full acceptance of these robotic- 
as sisted laparoscopic techniques in the future.

Robotic Surgery in Cervical Insufficiency

Cervical insufficiency is also known as incompetent cervix, which is char-
acterized classically by painless cervical dilatation in the second trimes-
ter. It can be followed by prolapse and ballooning of membranes into the 
vagina, which leads to loss of otherwise normal pregnancies or preterm 
birth, with an incidence of 0.1–1.0% of all pregnancies. If not effectively 
treated, this sequence may repeat in future pregnancies. The term has also 
been applied to women with one or two such losses/births or those at risk 
for second-trimester pregnancy loss or preterm birth [58].

Risk Factors

Risk of cervical insufficiency is increased with congenital and acquired 
cervical abnormalities; acquired risk factors are more common.

Acquired abnormalities include:
zz Cervical trauma during labor or delivery (spontaneous, forcepsor 

vacuum-assisted, cesarean) [59]
zz Rapid mechanical cervical dilation before a gynecologic procedure 

(e.g., uterine evacuation) [60] or treatment of cervical intraepithelial 
neoplasia
Congenital abnormalities include:

zz Genetic disorders affecting collagen (e.g., Ehlers-Danlos syndrome) 
[61],

zz Uterine anomalies [62, 63]
zz In utero diethylstilbestrol (DES) exposure [64]
zz Biologic variation
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How Can We Make Diagnosis of Cervical Insufficiency?

In our clinical practice, two main diagnoses of cervical insufficiency are 
present:
zz Based on historic factors, diagnosis is made in women with two or 

more consecutive prior second-trimester pregnancy losses associated 
with relatively painless early cervical dilation or three or more early 
(<34 weeks) preterm births in which other causes of pregnancy loss 
or preterm birth have been excluded.

zz Diagnosis is also made on a combination of historic factors and trans-
vaginal ultrasound measurement of cervical length. Having one or 
two prior second-trimester pregnancy losses or preterm births and 
cervical length ≤25 mm on transvaginal ultrasound examination or 
advanced cervical changes on physical examination before 24 weeks 
of gestation may be risk factors for cervical insufficiency that support 
the diagnosis.

Treatment

Nonsurgical and surgical modalities have been defined to treat cervical 
insufficiency.

Nonsurgical approaches. Unfortunately, nonsurgical approaches, such 
as activity restriction, bed rest, and pelvic rest, have not been proven effec-
tive for treating cervical insufficiency, and their use is discouraged [65, 
66]. Vaginal pessary, which is another nonsurgical option, is considered in 
patients at risk for cervical insufficiency. Evidence is limited for potential 
benefit of pessary placement in select highrisk patients [67–69].

Surgical approaches. Transvaginal and transabdominal routes are 
identified procedures for cervical cerclage. More proximal placement of 
the stitch, decreased risk of suture migration, absence of a foreign body in 
the vagina that could promote infection, and the ability to leave the suture 
in place for future pregnancies are the main advantages of the transab-
dominal over transvaginal cerclage [70]. A disadvantage of this approach 
is the potential need for two laparotomies during pregnancy (one to place 
the cerclage and potentially another to remove it).
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How Can We Treat the Patient Surgically? 

Transvaginal cerclage. Modifications of the McDonald and Shirodkar 
techniques are the standard methods currently used. The superiority of 
one surgical technique or suture type over another has not been proven 
[71, 72]. In the McDonald procedure, a simple purse-string suture of non-
resorbable material is inserted at the cervicovaginal junction [73]. The 
Shirodkar procedure involves dissection of the vesicocervical mucosa in 
an attempt to place the suture as close to the cervical internal os as might 
otherwise be possible. Dissection is necessary for the bladder and rectum 
from the cervix in a right plane through the cephalic line. Then the suture 
is placed and tied, and the mucosa is resutured over the knot [74, 75]. As 
in the McDonald procedure, nonresorbable sutures are preferred for cer-
clage placement in the Shirodkar procedure, too.

Transabdominal cerclage. Abdominal cerclage procedures are usually 
performed in the late first trimester or early second trimester (10–14 
weeks of gestation) or in the nonpregnant state [76, 77]. The stitch can be 
left in place between pregnancies with subsequent cesarean delivery.

Transabdominal placement of a cerclage at the cervicoisthmic junc-
tion appears to be a safe and effective procedure for reducing the inci-
dence of spontaneous pregnancy loss in selected patients with cervical 
insufficiency [78, 79]. Cervicoisthmic cerclage is generally reserved for 
when anatomical limitations (e.g., after a trachelectomy) prevent cerclage 
placement or when previous failed transvaginal cervical cerclage proce-
dures have resulted in second-trimester pregnancy loss [80]. Two options 
available for transabdominal cerclage are open (laparotomy) or minimally 
invasive (laparoscopy/robotic).

The preferred route can depend on physician experience or patient 
preference. In a systematic literature review, no evidence exists to suggest 
that laparoscopically performed surgical approach for cervicoisthmic cer-
clage placement has an advantage over the laparotomic surgical approach 
[76].

Nevertheless, in a recent review of 14 studies of abdominal cerclage, 
high rates of third-trimester delivery and live birth after abdominal cer-
clage via laparoscopy were comparable to those via laparotomy [81]. 
Because cervical incompetence treated with transabdominal cerclage can 
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carry significant morbidity with the need for sequential laparotomies and 
prolonged postoperative recovery, preference for minimally invasive pro-
cedures is an increasing trend.

Laparoscopic transabdominal cerclage placement has been described 
but has significant limitations with only two-dimensional depth percep-
tion and limited dexterity. Robotic assisted cervical cerclage (RACC) is 
rapidly gaining acceptance in gynecologic surgery [82]. RACC has report-
edly been used for placement of an interval transabdominal cerclage. 
RACC is less invasive and is effective not only as an interval procedure but 
also during pregnancy, offering the patient an alternative to the traditional 
laparotomy but with quicker recovery time [83].

Robot-Assisted Cervical Cerclage Procedure

Abdominal cerclage in pregnancy. In this section, we will describe the 
steps for uterine cerclage performed during pregnancy. In our clinic, 
the robot-assisted abdominal cervical cerclage procedure is usually per-
formed between 12 and 14 gestational weeks after evaluating the first-
trimester genetic screening data. According to the American College of 
Obstetricians and Gynecologist guidelines, there is insufficient evidence 
to recommend perioperative antibiotic prophylaxis; even so, we adminis-
ter a single dose of cefazolin 2 g preoperatively [84].

In our clinic, after inducing general anesthesia, the patient is placed 
in the dorsal lithotomy position with intermittent pneumo-pressure boots 
on both lower extremities. The initial trocar entrance is from the Palmer 
point, which is left of the midclavicular line, 3 cm under the left coastal 
margin. The Visiport 5-mm trocar placement is synchronized with an 
orogastric tube in suction mode to deflate the stomach air. The SI robot 
is docked obliquely, and the patient is placed in a shallow Trendelenburg 
p (<25°) to be compliant with pregnancy-related hemodynamic changes. 
We insufflate the abdomen up to 11 mmHg and insert three robotic ports 
under direct visualization. The 12-mm camera trocar is generally placed 
10 cm superior to the umbilicus. Two 8-mm robotic trocars are placed 
bilaterally 10 cm from the camera port (Fig. 1). An additional 12-mm 
assistant port is placed on the left upper quadrant, replacing the 5-mm 
initial trocar. A 0-degree camera allows visualization of the uterus (both 
anteriorly and posteriorly) while maintaining a wide view. The option 
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of using a 30-degree scope interchangeably during the procedure when 
needed is always a possibility. Intraabdominal pressure is maintained at 
about 11 mmHg throughout the case to give sufficient insufflation for 
visualization while not compromising uterine perfusion.

The peritoneum is incised at the vesicouterine reflection, and a 
bladder flap is created. The cervix is gently elevated by an assistant’s 
fingers, which allows direct feedback to the surgeon for identifying the 
margins of the cervicoisthmic junction. After identifying landmarks, a 
sterile-covered transvaginal probe (M-Turbo; SonoSite, Bothell, WA) is 
inserted. Using the TilePro multi-input display feature, the ultrasound is 
connected to the da Vinci Si system (Intuitive Surgical, Sunnyvale, CA), 
allowing the surgeon to view both the operative field and the real-time 
ultrasound images capture by a transvaginal probe. An open fan retrac-
tor placed through the laparoscopic port allows the distribution of any 
pressure over a larger area, avoiding point pressure on the gravid uterus. 
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throughout the case to give sufficient insufflation for visual-
ization while not compromising uterine perfusion.

The peritoneum is incised at the vesicouterine reflection, 
and a bladder flap is created. The cervix is gently elevated by 
an assistant’s fingers, which allows direct feedback to the sur-
geon for identifying the margins of the cervicoisthmic junc-
tion. After identifying landmarks, a sterile-covered 
transvaginal probe (M-Turbo; SonoSite, Bothell, WA) is 
inserted. Using the TilePro multi-input display feature, the 
ultrasound is connected to the da Vinci Si system (Intuitive 
Surgical, Sunnyvale, CA), allowing the surgeon to view both 
the operative field and the real-time ultrasound images capture 
by a transvaginal probe. An open fan retractor placed through 
the laparoscopic port allows the distribution of any pressure 
over a larger area, avoiding point pressure on the gravid uterus. 
Dissection continues until the cervicoisthmic junction, uterine 
arteries, and parametrial vessels are exposed bilaterally.

The curved needles of a 30-cm long, double-swaged, 
5-mm-wide Mersilene suture (RS20; Ethicon, Inc., 
Somerville, NJ) are straightened and introduced through the 
assistant port. A robotic needle driver is placed. Ultrasound 
is used to identify the endocervix and gestational sac in lon-
gitudinal views and the cervical edges and lateral structures 
in transverse images (Figs. 9.2 and 9.3). The tip of one nee-
dle is placed at the cervicouterine junction posteriorly medial 
to the uterine vessels. The split-screen ultrasound images 
allow constant visualization of the needle. Once visualized 
on the anterior aspect of the uterus, the needle is pulled 

through. Similarly, the second needle transfixes the cervico-
uterine junction on the opposite side (Fig. 9.4). Ultrasound 
verifies the proper Mersilene tape placement and fetal heart 
tones. Needles pass in a posterior-to-anterior fashion in the 
cervical isthmus area bilaterally to avoid the possibility of 
damaging presacral and pelvic vessels located posteriorly to 
the pelvis. Another technique for placing the Mersilene tape 
is to introduce the tape into the intraperitoneal cavity without 
the needles. Using a long, pointy tip grasper, the ligamentum 
latum is opened with a spreading, dissecting technique. After 
creating the passages bilaterally on both sides of the cervical 
isthmus, the mesh is introduced. An advantage of this tech-
nique is avoiding the use of needles, but precision in creating 
the surgical field is not as good as the needle technique. At 
this point, the literature shows a similar success rate with 
both techniques [82].

Care is then taken to ensure that the cerclage is lying flat 
against the cervix and the knot is tied anteriorly (Fig. 9.5). 
Adjustment of the knot will be guided by the assistant’s man-
ual exam to leave the cervical os at 0.5 cm, allowing us to 
monitor for premature rupture of membranes during the 
pregnancy and menstrual bleeding (in case the patient 
chooses to keep the mesh after delivery). Cervical length is 
measured again after the procedure.

Fig. 9.1 Trocar distribution for pregnant uterine abdominal cerclage. 
The da Vinci Si robot is docked obliquely

Fig. 9.2 Simultaneously showing a transvaginal ultrasound image of 
the cervical length and anteriorly placed cerclage stitch

S.G. Kilic et al.

Fig. 1: Trocar distribution for pregnant uterine abdominal cerclage. The da Vinci Si robot 
is docked obliquely.
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Dissection continues until the cervicoisthmic junction, uterine arteries, 
and parametrial vessels are exposed bilaterally.

The curved needles of a 30-cm long, double-swaged, 5-mm-wide 
Mersilene suture (RS20; Ethicon, Inc., Somerville, NJ) are straightened 
and introduced through the assistant port. A robotic needle driver is 
placed. Ultrasound is used to identify the endocervix and gestational 
sac in longitudinal views and the cervical edges and lateral structures 
in transverse images (Figs. 2 and 3). The tip of one needle is placed at 
the cervicouterine junction posteriorly medial to the uterine vessels. The 
split-screen ultrasound images allow constant visualization of the needle. 
Once visualized on the anterior aspect of the uterus, the needle is pulled 
through. Similarly, the second needle transfixes the cervicouterine junc-
tion on the opposite side (Fig. 4). Ultrasound verifies the proper Mersilene 
tape placement and fetal heart tones. Needles pass in a posterior-to-ante-
rior fashion in the cervical isthmus area bilaterally to avoid the possibility 
of damaging presacral and pelvic vessels located posteriorly to the pelvis. 
Another technique for placing the Mersilene tape is to introduce the tape 
into the intraperitoneal cavity without the needles. Using a long, pointy 
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Fig. 2: Simultaneously 
showing a transvaginal 
ultrasound image of the 
cervical length and anteriorly 
placed cerclage stitch.
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Fig. 3: Simultaneously showing 
transvaginal ultrasound image of 
the fetus at the completion of the 
case and intraoperative image of 
robotic cerclage placement.

Fig. 4: Second needle passing from posterior to anterior in avascular area. U Uterus, D 
Douglas Pouch
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Robot-assisted cerclage performed during pregnancy—
with the advantages of 3D visualization and endowristed 
instrumentation—has the potential to improve safety for the 
patient and the fetus. As we described earlier, the TilePro 

feature allows the ultrasound view to be projected with the 
surgical view on the same screen simultaneously [85]. 
Another feature is the option to utilize indocyanine green 
dye (Fig. 9.6) to identify the vascularity before you pass the 
needles [86].

Nonpregnant Uterine Cerclage. For nonpregnant cer-
clage, the steps will differ as follows compared to the tech-
nique for pregnant patients.

Preconceptual counseling is important, especially for dis-
cussing possible cerclage placement, and its potential impact 
on conception is critical to discuss. A few studies directly 
compare the insertion of a preconceptual transabdominal 
cerclage with insertion in early pregnancy [81, 87]. The most 
recent one concluded that preconceptual transabdominal cer-
clage is more successful in preventing pregnancy loss and 
preterm labor and is associated with less surgical and 
pregnancy- related morbidity compared to first-trimester 
transabdominal cerclage insertion [87]. Tulandi et al., how-
ever, found that the efficacy of the procedure performed 
either before or during pregnancy is similar [81]. Even so, 
preconceptual insertion should be considered when possible 
because of the technical advantage of operating on the uterus 
of a woman who is not pregnant. Furthermore, there is no 
evidence that preconceptual transabdominal cerclage has 
any detrimental impact on fertility or management of an 
early miscarriage [88]. Abdominal cerclage can be safely left 
in place if a further pregnancy is a possibility.

A pregnancy test is critical before beginning the proce-
dure. Initial trocar entrance is the same as for pregnant 
patients. Enter from the Palmer point, which is left of the 
midclavicular line and 3 cm under the left coastal margin. 
Placement of a 5-mm Visiport (US Surgical, Norwalk, CT) is 
to be synchronized with an orogastric tube in the suction 
mode to deflate stomach air. We insufflate the abdomen up to 

Fig. 9.3 Simultaneously showing transvaginal ultrasound image of the 
fetus at the completion of the case and intraoperative image of robotic 
cerclage placement

Fig. 9.4 Second needle 
passing from posterior to 
anterior in avascular area. U 
Uterus, D Douglas Pouch
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tip grasper, the ligamentum latum is opened with a spreading, dissect-
ing technique. After creating the passages bilaterally on both sides of the 
cervical isthmus, the mesh is introduced. An advantage of this technique 
is avoiding the use of needles, but precision in creating the surgical field is 
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not as good as the needle technique. At this point, the literature shows a 
similar success rate with both techniques [82].

Care is then taken to ensure that the cerclage is lying flat against the 
cervix and the knot is tied anteriorly (Fig. 5). Adjustment of the knot will 
be guided by the assistant’s manual exam to leave the cervical os at 0.5 
cm, allowing us to monitor for premature rupture of membranes during 
the pregnancy and menstrual bleeding (in case the patient chooses to 
keep the mesh after delivery). Cervical length is measured again after the 
procedure.

Robot-assisted cerclage performed during pregnancy— with the 
advantages of 3D visualization and endowrist instrumentation—has the 
potential to improve safety for the patient and the fetus. As we described 
earlier, the TilePro feature allows the ultrasound view to be projected with 
the surgical view on the same screen simultaneously [85]. Another feature 
is the option to utilize indocyanine green dye (Fig. 6) to identify the vas-
cularity before you pass the needles [86].

Nonpregnant Uterine Cerclage. For nonpregnant cerclage, the steps 
will differ as follows compared to the technique for pregnant patients.

Preconceptual counseling is important, especially for discussing pos-
sible cerclage placement, and its potential impact on conception is critical 
to discuss. A few studies directly compare the insertion of a preconceptual 
transabdominal cerclage with insertion in early pregnancy [81, 87]. The 
most recent one concluded that preconceptual transabdominal cerclage 
is more successful in preventing pregnancy loss and preterm labor and is 
associated with less surgical and pregnancy-related morbidity compared 
to first-trimester transabdominal cerclage insertion [87]. Tulandi et al., 
however, found that the efficacy of the procedure performed either before 
or during pregnancy is similar [81]. Even so, preconceptual insertion 
should be considered when possible because of the technical advantage 
of operating on the uterus of a woman who is not pregnant. Furthermore, 
there is no evidence that preconceptual transabdominal cerclage has any 
detrimental impact on fertility or management of an early miscarriage 
[88]. Abdominal cerclage can be safely left in place if a further pregnancy 
is a possibility.

A pregnancy test is critical before beginning the procedure. Initial 
trocar entrance is the same as for pregnant patients. Enter from the 
Palmer point, which is left of the midclavicular line and 3 cm under the 



ROLE OF ROBOTICS IN THE MANAGEMENT OF INFERTILITY • 21

60

14 mmHg and insert three robotic ports under direct visual-
ization. Trocar placement for nonpregnant women is more 
advantageous in terms of number of variations. Umbilical 
camera placement is an option. Generally, the 12-mm cam-
era trocar is placed closer to the umbilicus than in pregnant 
patients (6–8 cm). Two 8-mm robotic trocars are placed 
bilaterally 10 cm from the camera port (Fig. 9.7). An addi-
tional 12-mm assistant port is placed in the left upper quad-
rant, replacing the 5-mm initial trocar. If no assistant side 
trocar is placed, mesh can be introduced either from one 
robotic trocar side or through the camera port with the needle 
attached at the beginning of the procedure.

Place a uterine manipulator in the intrauterine cavity. We 
use VCare (ConMed) due to the fact that it helps to turn the 
manipulator 180° during the bladder flap to gain better coun-
ter tension, which will facilitate bladder dissection. In addi-
tion, the uterine manipulator will facilitate moving the uterus 

toward the bladder and rectum during the needle passage. 
Another difference for the nonpregnant cerclage procedure in 
our practice is that only one needle is attached to the Mersilene 
tape introduced into the intraperitoneal cavity instead of two. 
The first pass can be done from posterior to anterior (Fig. 9.8). 
After making the loop around the cervix anteriorly, it can be 
passed from anterior to posterior using the same needle 
(Fig. 9.9). This technique provides an option to place the knot 
on the posterior cervix to avoid the potential risk of having it 
irritate the bladder (Fig. 9.10). However, in our experience, an 
anteriorly placed knot did not cause bladder irritation, either. 
The biggest advantage of nonpregnant cerclage is easy expo-
sure of the surgical field, especially with the help of a uterine 
manipulator. The manipulator is kept intrauterine during knot 
placement, thus providing a small opening on the cervical os 
for monitoring premature rupture of the membranes during 
pregnancy and menstrual flow after pregnancy.

Fig. 9.5 The Mersilene tape 
is tied anteriorly. B Bladder, 
U Uterus

Fig. 9.6 Passing the suture in 
avascular space

S.G. Kilic et al.
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Fig. 5: The Mersilene tape is tied anteriorly. B Bladder, U Uterus

Fig. 6: Passing the suture in avascular space.

left coastal margin. Placement of a 5-mm Visiport (US Surgical, Norwalk, 
CT) is to be synchronized with an orogastric tube in the suction mode 
to deflate stomach air. We insufflate the abdomen up to 14 mmHg and 
insert three robotic ports under direct visualization. Trocar placement for 
nonpregnant women is more advantageous in terms of number of vari-
ations. Umbilical camera placement is an option. Generally, the 12-mm 
camera trocar is placed closer to the umbilicus than in pregnant patients 
(6–8 cm). Two 8-mm robotic trocars are placed bilaterally 10 cm from the 
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In conclusion, robotic abdominal cerclage is found to 
have a success rate of 85% with lower incidence of preterm 
delivery and preterm premature rupture of membranes com-
pared to the vaginal approach [82].

Robotic cerclage is currently a safe and effective tech-
nique, yet it is still open for new adaptations to make it even 
more safe and effective as technology evolves.

Fig. 9.7 Trocar distribution for nonpregnant uterine abdominal cer-
clage. The da Vinci Si robot is docked obliquely

Fig. 9.8 Needle attached to 
Mersilene tape first passing 
from posterior to anterior. D 
Douglas Pouch, O Ovary, F 
Fallopian Tube

9 Role of Robotics in the Management of Infertility

61

In conclusion, robotic abdominal cerclage is found to 
have a success rate of 85% with lower incidence of preterm 
delivery and preterm premature rupture of membranes com-
pared to the vaginal approach [82].

Robotic cerclage is currently a safe and effective tech-
nique, yet it is still open for new adaptations to make it even 
more safe and effective as technology evolves.

Fig. 9.7 Trocar distribution for nonpregnant uterine abdominal cer-
clage. The da Vinci Si robot is docked obliquely

Fig. 9.8 Needle attached to 
Mersilene tape first passing 
from posterior to anterior. D 
Douglas Pouch, O Ovary, F 
Fallopian Tube

9 Role of Robotics in the Management of Infertility

Fig. 7: Trocar distribution 
for nonpregnant uterine 
abdominal cerclage. The 
da Vinci Si robot is docked 
obliquely.

Fig. 8: Needle attached to Mersilene tape first passing from posterior to anterior. D 
Douglas Pouch, O Ovary, F Fallopian Tube
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camera port (Fig. 7). An additional 12-mm assistant port is placed in the 
left upper quadrant, replacing the 5-mm initial trocar. If no assistant side 
trocar is placed, mesh can be introduced either from one robotic trocar 
side or through the camera port with the needle attached at the beginning 
of the procedure.

Place a uterine manipulator in the intrauterine cavity. We use VCare 
(ConMed) due to the fact that it helps to turn the manipulator 180° during 
the bladder flap to gain better counter tension, which will facilitate bladder 
dissection. In addition, the uterine manipulator will facilitate moving the 
uterus toward the bladder and rectum during the needle passage. Another 
difference for the nonpregnant cerclage procedure in our practice is that 
only one needle is attached to the Mersilene tape introduced into the 
intraperitoneal cavity instead of two. The first pass can be done from pos-
terior to anterior (Fig. 8). After making the loop around the cervix ante-
riorly, it can be passed from anterior to posterior using the same needle 
(Fig. 9). This technique provides an option to place the knot on the poste-
rior cervix to avoid the potential risk of having it irritate the bladder (Fig. 

Fig. 9: The same needle attached to Mersilene tape then passing from anterior to 
posterior. B Bladder, R Round Ligament
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Fig. 10: The Mersilene tape is tied posteriorly. D Douglas Pouch, O Ovary, F Fallopian Tube

10). However, in our experience, an anteriorly placed knot did not cause 
bladder irritation, either. The biggest advantage of nonpregnant cerclage 
is easy exposure of the surgical field, especially with the help of a uterine 
manipulator. The manipulator is kept intrauterine during knot placement, 
thus providing a small opening on the cervical os for monitoring prema-
ture rupture of the membranes during pregnancy and menstrual flow after 
pregnancy.

In conclusion, robotic abdominal cerclage is found to have a success 
rate of 85% with lower incidence of preterm delivery and preterm prema-
ture rupture of membranes compared to the vaginal approach [82].

Robotic cerclage is currently a safe and effective technique, yet it is 
still open for new adaptations to make it even more safe and effective as 
technology evolves.
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Case Presentation

A 31-year-old female presented with secondary amenorrhea and infertil-
ity. Prior medical history was unremarkable except for delayed puberty. 
Her growth curve reportedly showed a low but constant height percentile. 
She had the onset of menarche at the age of 16 years. Her menstrual cycles 
had been consistently irregular since their onset, with periods every 1–3 
months. She received oral contraceptives for a few years before discon-
tinuing their use 1 year ago. She reported taking no medications upon her 
initial consultation with neuroendocrine.

On physical examination, her weight was 110 lb, height was 5 ft, 
blood pressure was 90/60, and heart rate was 64. The exam was notable for 
galactorrhea. Visual fields were normal. She had no evidence of Cushing’s 
or acromegaly.

Initial hormonal analysis showed serum prolactin (diluted) level of 
1048 ng/dL (normal range 5–20). FSH was 2.7 U/L, LH was 4.7 U/L, and 
estradiol level was low. Insulin-like growth factor 1 (IGF-1), free T4, and TSH 
were normal. HCG Quant was <6 IU/L. Her Cortrosyn stimulation test was 
normal with a stimulated peak cortisol level of 21.5 μg/dL (normal > 18).  
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Pituitary magnetic resonance image (MRI) showed 1.4 cm macroadenoma 
without significant local invasion. Bone density was normal.

My Management

zz Initiated dopamine agonist therapy with cabergoline 0.5 mg orally 
weekly. After 3 months of cabergoline treatment, prolactin level was 
23.2 ng/dL (0–20).

zz Cabergoline dose was increased to 0.75 mg weekly (the increase in 
dose was an effort to suppress tumor and also restore prolactin level 
to within the normal range, as to allow for return of menstrual cycle).
Three months later, progesterone level confirmed spontaneous ovula-
tory cycle.

zz At 6 months follow-up, she reported the return of regular menstrual 
cycles while on 0.75 mg weekly of cabergoline with a prolactin level of 
13 ng/dL, and MRI showed decrease in tumor size from 1.5 to 1 cm, 
with a question of an area of hemorrhage within the tumor.

zz She was then referred to a neurosurgeon who suggested observation 
with close follow-up by MRI.

zz After 10 months of cabergoline therapy (4 months after the prior 
MRI), her MRI was stable.

zz After 18 months on cabergoline, she spontaneously conceived, and 
cabergoline was discontinued.

zz She continued to follow up during pregnancy with observation of 
symptoms and exam including a neuro-ophthalmology exam with 
visual field testing every trimester.
Three months postpartum prolactin level was 563 ng/dL. She opted 

to bottle-feed, but the amenorrhea persisted. Cabergoline was restarted 
and titrated to achieve a normal prolactin level and return of regular men-
strual cycles. 

Assessment and Diagnosis

This patient presented with secondary amenorrhea and infertility, which 
are typical features of a prolactinoma. Primary amenorrhea and delayed 
puberty can be the initial presentation of this disease. Interestingly, she 
had delayed menarche and oligomenorrhea but had not undergone a 
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pituitary evaluation until many years later when she presented with 
infertility. She is representative of cases in which the diagnosis of hyper-
prolactinemia is delayed and only discovered many years after a late 
puberty or late menarche [1]. Her late puberty may well have been due to 
hyperprolactinemia.

Detailed history of medications is important, as many commonly used 
drugs can cause hyperprolactinemia [2]. Metoclopramide, antipsychotics, 
antidepressants, antihypertensives, and opiates among many other phar-
macological agents all may increase prolactin levels. Metoclopramide, 
haloperidol, risperidone, and phenothiazines may be associated with 
particularly elevated prolactin levels. Illicit drug use is another important 
history element because of the association of cocaine and heroin with 
hyperprolactinemia [3, 4].

Galactorrhea is present in less than half of patients with prolactino-
mas [5]. While in this case, her visual field exam was normal, it is impor-
tant to evaluate visual field exams in any patient who has a lesion that 
extends to the suprasellar area and contacts or invades the optic chiasm.

There are many physiological causes of hyperprolactinemia including 
pregnancy, lactation, nipple stimulation, post-coitus state, and exercise. 
Pathological factors such as hypothyroidism, liver disease, renal failure, 
and seizure can also increase the prolactin level. Prolactinoma may co-
secrete growth hormone. Therefore, IGF-1 should be evaluated to screen 
for acromegaly, particularly if there is clinical evidence of the disease. 
Typically prolactin levels greater than 250 ng/dL are associated with the 
presence of a prolactinoma [6]. A prolactin level above 500 ng/dL con-
firms prolactinoma as the diagnosis [7].

Our patient’s initial level was above 1000 ng/dL, confirming the 
diagnosis of prolactinoma definitively. Pregnancy test and other hormo-
nal assays of FSH, LH, TSH, and IGF-1 were normal. It is notable that 
rare cases of extremely high levels of prolactin can cause a false-negative 
assay result due to the “hook effect.” In immunoassays, hook effect may 
occur when the amount of prolactin is so high that it impairs binding to 
antibody, causing falsely low results. To avoid the hook effect, the sample 
should be diluted with the patient’s serum [8].

After confirming hyperprolactinemia and excluding other causes, 
imaging of the pituitary gland with an MRI is the next step. Prolactinomas 
are classified as either microprolactinoma (less than 1 cm) or a  
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macroprolactinoma (greater than or equal to 1 cm). MRI is important for 
assessment of tumor size and to evaluate for mass effect on surrounding 
tissues. Ongoing imaging of the tumor is required in addition to biochem-
ical testing to assess response to therapy. The presence of a macroadenoma 
on the MRI was expected in our patient given the severity of hyperprol-
actinemia, since an association between the degree of hyperprolactinemia 
and tumor size has been reported [9]. However, there are cases in which 
there can be discrepancy between the hormone levels and tumor size.

Management

Once the diagnosis is established, goals of therapy should be set. In women, 
the goals are usually to restore menstrual cycle in reproductive age women 
and fertility in those who desire it. For women who are not trying to con-
ceive, therapy should aim to avoid complications on bone health (which 
results from low estrogen levels, due to the suppression of gonadotropin-
releasing hormone caused by hyperprolactinemia) [10] and to suppress 
tumor growth in order to prevent mass effects. Dopamine agonists (DAs) 
are the first line of therapy for prolactinomas [11]. DAs bind to dopamine 
receptors on lactotroph cells leading to decrease prolactin synthesis and 
reduction of tumor size [12, 13]. The currently available FDA-approved 
dopamine agonists in the USA that are used to treat hyperprolactinemia 
include bromocriptine and cabergoline. Both are effective in treating pro-
lactinomas with a slight efficacy advantage of cabergoline [14, 15], which 
also has been associated with fewer side effects [15]. We typically suggest 
that the patients use or switch to bromocriptine prepregnancy since more 
data is available on its safety during pregnancy [5]. This patient preferred 
to stay on cabergoline since she tolerated it well and was concerned about 
having side effects if she switched drugs. Surgery is another modality of 
treatment for macroprolactinoma.

Surgical removal is not usually the first line of therapy but could 
be considered if there is optic chiasm compression affecting the visual 
field, bleeding within the tumor, or if the patient has a contraindication 
to use DAs, such as psychosis [16]. Surgery may also be appropriate if 
medical therapy fails and is not tolerable, if the tumor grows on medical 
therapy, or if a woman wants to conceive soon and has a large tumor [17]. 
Radiotherapy is reserved for prolactinomas that continue to grow after 
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surgery, inoperable tumors, or patients who have failed to respond or 
tolerate medical therapy. Single-dose radiosurgery can be used in select 
cases of prolactinoma but is contraindicated if tumors are very large or 
approach the chiasm. In these cases, the risk of visual field loss is high 
with single-dose radiotherapy, and fractionated radiotherapy would be 
required [18].

Outcome

The patient had a normal prolactin within 3 months of starting a low dose 
of cabergoline. This illustrated her dramatic response to this dopamine 
agonist with normalization of her prolactin level within a short period of 
time.

The return of spontaneous menstrual cycles occurred within weeks 
after she obtained a normal prolactin level, which is not uncommon [19], 
and was ultimately associated with spontaneous conception at 18 months 
after the initiation of dopamine agonist therapy. The time to obtaining 
fertility after correction of hyperprolactinemia is variable. Studies have 
shown that fertility can be restored within the first cycle after correction 
of high prolactin in some women but may take as long as 2 years [19] 
especially if there are other factors contributing to infertility. In this case, 
the patient’s low weight when she first presented (BMI < 20) may have had 
a role in her infertility. It was after she had gained some weight that she 
ultimately conceived.

The patient developed the finding on MRI of a pre-contrast T1 bright 
spot, consistent with a possible area of hemorrhage, after the initiation of 
the dopamine agonist. While in this case, this was self-limited and follow-
up imaging confirmed stability, a neurosurgical referral was obtained to 
entertain the possibility of surgical intervention if necessary.

Bleeding of the tumor is not an infrequent occurrence, especially in 
macroprolactinomas [20]. The bleeding can present as an emergency, as 
in the case of pituitary apoplexy. However, some degree of bleeding may 
be asymptomatic and resolves spontaneously [21]. Dopamine agonists 
are recognized as one of the precipitating factors of tumor hemorrhage 
and pituitary apoplexy [22]. Although this does not usually occur, most 
prolactinomas remain stable during pregnancy [23], but macroprolacti-
nomas are more likely than microprolactinomas to grow during gestation 
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[23]. Safety of DAs during pregnancy is not completely known, and thus 
both cabergoline and bromocriptine are class B medications, as desig-
nated by the FDA. However, observational data of fetal exposure either 
in the first trimester or throughout pregnancy to both bromocriptine 
and cabergoline did not show any significant harm [5]. Recommended 
management is stopping the dopamine agonist as soon as the pregnancy 
is known. Follow-up of the tumor size should be performed by relevant 
symptom review and visual field examination in every trimester. Prolactin 
level is not meaningful during pregnancy because hyperprolactinemia is 
physiological and expected during pregnancy. If there is any change in the 
symptoms suggestive of tumor enlargement, official visual field evalua-
tion and non-contrast MRI should be obtained. Our patient had normal 
visual fields throughout her pregnancy. Postpartum her prolactin levels 
remained elevated despite the fact that she was not nursing and her 
menstrual periods did not resume. For that reason, the cabergoline was 
restarted postpartum and again associated with return of regular cycles 
and normalization of prolactin, and she had ongoing improvement with 
decrease in pituitary tumor size.

Clinical Pearls and Pitfalls

zz Delayed puberty may be a sign of hyperprolactinemia.
zz Prolactin level should be evaluated in women with absent or irregular 

menses prior to initiating birth control pills.
zz When prolactin level is very high, diluted prolactin should be 

obtained to avoid the hook effect if an immunoassay is used.
zz Even though her prolactin level normalized within 3 months of 

therapy with a dopamine agonist, her persistence of a macroadenoma 
remained. This illustrates the importance of following both the bio-
chemical parameters and the imaging in patients with macroprolacti-
nomas who were treated medically.

zz While the prolactin trend will typically mirror the tumor size 
response, they are not always completely linked [24].

zz One of the consequences of a dopamine agonist in patients with a 
prolactinoma can include hemorrhage into the tumor. This requires 
close follow-up with imaging and neurosurgical consultation as well 
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as evaluation of anterior pituitary function, particularly if symptoms 
of apoplexy are present.

zz Lactotroph hyperplasia can occur during normal pregnancy, and in 
patients with macroprolactinoma, enlargement during pregnancy is a 
concern, as the risk of growth is much greater than that of micropro-
lactinoma [23]. Therefore, visual field tests were done each trimester 
and are important in the management of patients with macroprolac-
tinomas during pregnancy.
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Abstract

Advanced glycation end products (AGEs) are pro-inflammatory mol-
ecules that trigger a state of intracellular oxidative stress and inflamma-
tion after binding to their cell membrane receptors, such as RAGE. The 
activation of the AGE-RAGE axis has been well known to play a role in 
type 2 diabetes mellitus (T2DM), obesity, metabolic syndrome (MetS), 
cardiovascular disease (CVD), aging, inflammation, and neurodegenera-
tive disorders. AGEs might contribute to the etiology of polycystic ovary 
syndrome and infertility. This article explains for the relationship between 
the AGE-RAGE system and infertility as well as ovarian reserve in women 
of reproductive age.

Keywords: Advanced glycation end products, Receptor for AGE, Polycystic 
ovarian syndrome, In vitro fertilization, Anti-Müllerian hormone

AGE-RAGE and Insulin Resistance

Polycystic ovarian syndrome (PCOS), while clinically heterogeneous, com- 
monly exhibits hyperandrogenism and ovulatory dysfunction and is 
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associated with obesity, insulin resistance, and subfertility [1, 2]. Overall, 
insulin resistance and the compensatory hyperinsulinemia affects some 
65–70% of women with PCOS [3, 4], with 70–80% of obese (BMI >30) 
and 20–25% of lean (BMI <25) women exhibiting these characteristics. 
Part of the insulin resistance appears to be independent of obesity and 
related specifically to PCOS, with abnormalities of cellular mechanisms 
of insulin action and insulin receptor function having been documented 
[5, 6].

Other criteria that can be used include those from the National 
Institutes of Health (NIH) and the Androgen Excess Society (AES) [7]. 
PCOS has estimated prevalence of over 10% in women of childbearing 
age. Besides being associated with infertility, PCOS is also associated with 
a higher incidence of type 2 diabetes mellitus (T2DM) such as the status 
of insulin resistance.

On the other hand, AGEs have been proposed to be among the 
main intermediaries of several diseases such as type 2 diabetes mellitus 
(T2DM), obesity, metabolic syndrome (MetS), cardiovascular disease 
(CVD), aging, inflammation, and neurodegenerative disorders [8–10]. 
Along with the appreciation of these problems, there has been recognition 
that AGEs have a wider range of actions, including in reproduction.

Insulin resistant women with PCOS without hyperglycemia have 
elevated serum AGE levels and increased RAGE expression in their cir-
culating monocytes [11]. Additionally, serum AGE levels are positively 
correlated with testosterone level, free androgen index, insulin, HOMA, 
and waist-to-hip ratio in women with PCOS without hyperglycemia [12]. 
Another study has shown that increased serum AGE level is a distinct 
finding in non-insulin resistant lean women with PCOS suggesting that 
serum AGEs are elevated in PCOS independently of the presence of 
insulin resistance [11].

Recent studies have demonstrated that RAGE- and AGE-modified 
proteins are expressed in human ovarian tissue [10, 13]. In ovarian tissue 
samples, women with PCOS have increased AGEs and RAGE expres-
sion in theca and granulosa cell layers compared with normal women 
[9]. Additionally, a differential qualitative distribution of AGE and RAGE 
subunit was observed in women with PCOS compared with healthy con-
trols, where a more pronounced staining density of both AGE and RAGE 
was observed in the granulosa cell layer of PCOS ovaries [9].
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The ovaries of women with PCOS have alterations in enzymes respon-
sible for collagen synthesis [14]. Lysyl oxidase enzyme is one of the key 
enzymes in the ovary responsible for collagen and elastin cross-linking in 
the organization of ECM during follicular development [15]. A study has 
shown that the deposition of excess collagen in PCO tissue may, in part, 
be due to AGE-mediated stimulation of lysyl oxidase activity [16]. These 
results indicate that AGE signaling could regulate ovarian follicular ECM 
organization in PCOS. Other data demonstrated that AGEs could reduce 
the activity of some “good” detoxifying enzymes (such as glyoxalase-I) in 
the ovary of PCOS rats [17].

The AGE system has been shown to play a role in ovarian aging and 
reproduction [10, 13]. The accumulation of AGEs in the human ovary 
may account for a number of age-related features of ovarian dysfunction 
reflected by oxidative stress, such as impaired vascularization with its sub-
sequent hypoxia and reduced intake of nutrients by granulosa cells [10, 
18]. Prolonged exposure to AGEs, which are characterized by a long half-
life, during reproductive life may cause subtle oxidative damage to follicles 
inside the ovary [19]. These alterations in the ovarian microenvironment 
may adversely impact granulosa cell metabolism, the assembly of anti-
oxidant defense, and the development of adequate perifollicular vascu-
larization, thus endangering follicular health and maturation. Markers of 
ovarian reserve, such as AMH, reflect ovarian aging. Studies pertaining to 
the effect of AGEs on ovarian aging have been reported [13, 16]; however, 
no studies to date have examined the relationship between the follicu-
lar AGE system and ovarian reserve measures, specifically granulosa cell 
AMH synthesis and release.

Because AGEs are elevated in the serum of women with PCOS, 
Christakou et al. [20] investigated whether oral contraceptives (OCPs) or 
metformin affect serum AGEs levels in women with PCOS. They rand-
omized women with PCOS (n = 109) to receive either OCP or metformin 
(850 mg twice daily) for 6 months and determined serum AGE levels at 
baseline and after 3 and 6 months of treatment. Their results indicated that 
serum AGE levels were significantly reduced in all groups at 6 months of 
treatment compared with baseline, but the percentage reduction was sig-
nificantly greater in the metformin group compared with the OCP group. 
Although they showed that metformin may be superior to OCP in reduc-
ing serum AGE levels, this does not necessarily mean that metformin is 
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better than OCP in alleviating the cardiovascular risk associated with 
PCOS. Whether metformin lowers cardiovascular risks in PCOS women 
via the AGE-RAGE system remains to be determined.

AGE-RAGE and In Vitro Fertilization

Some researchers have already reported a relationship between the AGE-
RAGE system and infertility included in in vitro fertilization (IVF) [13, 21, 
22]. One of researchers measured the levels of toxic AGE (TAGE), pento-
sidine, and CML in blood and follicular fluid of 157 patients undergoing 
IVF [22]. They analyzed the association between these levels and assisted 
reproduction technology (ART) outcomes and pre-ART clinical factors. 
Their results elucidated that the accumulation of TAGE, pentosidine, and 
CML in the follicular fluid and TAGE in serum negatively correlated (P 
< 0.05) with follicular growth, fertilization, and embryonic development. 
Lower concentrations of pentosidine in the follicular fluid and TAGE 
in the serum were the most significant predictors for achievement of 
ongoing pregnancy, acting independently of conventional determinants,  
such as age and Day 3 FSH level. Additionally, elevation of serum TAGE 
>7.24 U/ml appeared to indicate ovarian dysfunction causing diminished 
fertility, even at a young age (<40 years old) or with normal FSH during 
menses (below 10 IU/l). These data explain that there is a clinical evidence 
for an important role of AGE accumulation in ovarian dysfunction and 
poorer outcome in women with elevated AGEs and undergoing IVF [22].

Another study evaluated sRAGE, as decoy receptor, levels in serum, 
and follicular fluid of 33 women under IVF program [21]. The control 
group of serum samples was collected from 35 healthy females. Their 
results indicated that sRAGE levels of follicular fluid were several times 
higher than serum levels (P < 0.001). Additionally, it was found that 
serum levels of sRAGE in women after controlled ovarian hyperstimula-
tion (COH) were significantly lower than in controls (P = 0.045). They 
also found a significant negative correlation between serum sRAGE levels 
and the number of stimulated follicles (r = 20.71, P = 0.01) and retrieved 
oocytes (r = 20.54, P = 0.048). Women in that study who conceived fol-
lowing IVF showed significantly higher sRAGE levels in the follicular fluid 
compared with women who did not conceive (P = 0.031). A similar study 



DIABETES AND FEMALE STERILITY/INFERTILITY • 41 

evaluated follicular fluid and plasma sRAGE levels in 28 participants who 
underwent IVF and found a positive correlation between follicular fluid 
and plasma sRAGE levels and a borderline positive correlation between 
follicular fluid sRAGE and the number of collected oocytes (r = 0.25;  
P = 0.05). These data speculate that the decoy sRAGE, via binding circu-
lating and follicular fluid AGEs, might be able to serve as a useful biologi-
cal marker of the follicular environment [13].

AGE-RAGE and Anti-Müllerian Hormone

Anti-Müllerian hormone (AMH) is a very sensitive indicator of the 
ovarian follicular content. AMH is produced by granulosa cells of prean-
tral and small antral follicles, and its main physiological role seems to be 
the inhibition of the initial follicular recruitment from the primordial to 
the antral pool [23]. It has been extensively studied in assisted reproduc-
tive therapy processes. It is now well established that AMH is the more 
accurate marker of the ovarian reserve [24].

One researcher showed that there was a positive correlation between 
follicular fluid sRAGE and follicular fluid AMH protein levels (r = 0.5,  
P = 0.008) while, in contrast, RT-PCR results showed no correlation 
between follicular fluid sRAGE and AMH or AMHR-II mRNA levels, 
suggesting that sRAGE has an effect on AMH release rather than AMH 
synthesis in granulosa cells. The potential accumulation of AGEs in the 
ovary may account for compromised efficiency of vascularization and 
for activation of oxidative stress response through interaction with cel-
lular RAGE [18]. Similar to sRAGE, follicular fluid AMH reflects ovarian 
health and constitutes a useful biological marker of the follicular environ-
ment [25]. Within follicles, AMH is expressed exclusively by granulosa 
cells with mitotic activity [25, 26] presumably because it interacts with 
mitogenic growth factors during follicle development. Therefore, a posi-
tive relationship between intrafollicular AMH and sRAGE concentrations 
suggests that AGEs play a role in the inhibition of cellular proliferation 
or a role in enhancing granulosa cell apoptosis. It is unclear whether the 
AMH system has a role in the mechanistic effect of sRAGE on the number 
of oocytes retrieved. It is well known that AMH release inhibits, in par-
acrine fashion, the depletion of the oocyte pool by slowing down growth 
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followed by atresia of follicles containing the oocytes [27]. Thus, clearly 
a favorable interrelationship exists between sRAGE and AMH in the fol-
licular environment. Altogether, the AGE-RAGE system could represent 
a potential therapeutic target in women with a diagnosis of diminished 
ovarian reserve undergoing ART.

AGE-RAGE and Recurrent Pregnancy Miscarriage

It is estimated that 20–30% of pregnant women may experience one or 
more spontaneous pregnancy losses [28]. Recurrent pregnancy losses 
(RPL) are often defined as three or more consecutive pregnancy losses 
prior to 20 weeks’ gestation [28], and more than 500,000 women per year 
have experienced recurrent pregnancy losses in the United States [29].

The outcomes for approximately half the patients remain unexplained 
with current medical practice patterns, and they are classified as idiopath-
ic or unexplained RPL [30]. Therefore, identifying new biomarkers for 
RPL is urgently needed for the proper diagnosis and management of RPL.

We investigated whether sRAGE is increased in women with PRL and 
which anthropometric, metabolic, and inflammatory variables are inde-
pendently correlated with sRAGE in women with idiopathic RPL [31]. 
We measured the levels of AGERAGE, anthropometric, metabolic, and 
inflammatory immune markers as AGERAGE related factor in blood 
of 63 women with RPL. Levels of sRAGE were statistically significantly 
higher in RPL patients than in control patients (1528.9 ± 704.5 vs. 1149.9 
± 447.4 pg/mL). In the multivariate analysis, the levels of insulin, plas-
minogen activator inhibitor-1, the resistance index of the uterine radial 
artery, and the ratio of tumor necrosis factor-a/interleukin-10 producing 
T helper cells were statistically significantly associated with the serum 
sRAGE level. We concluded that elevated levels of serum sRAGE are asso-
ciated with RPL. The soluble receptor for advanced glycation end products 
might contribute to RPL by reducing uterine blood flow and subsequently 
causing ischemia in the fetus via inflammatory and thrombotic reactions. 
Furthermore, our data suggest that sRAGE may be a novel biomarker of 
RPL and that RAGE might be a therapeutic target for this devastating 
disorder.
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Introduction

Infertility is a common problem in the United States, affecting approxi-
mately 8–15% of couples. The male partner is identified as the sole cause 
of infertility in approximately 20% of infertile couples, but male factor 
infertility is believed to contribute to greater than 50% of infertility cases 
[1]. Traditionally, a primary focus has been placed on female infertility 
and the female partner’s overall health status in order to achieve a healthy 
pregnancy. Publications within the medical literature have long neglect-
ed the male component of reproduction [2]. Recently, increased atten-
tion has been placed on the male partner, and it is becoming clear that 
a diagnosis of male factor infertility may be associated with long-term 
health consequences that go beyond the immediate reproductive needs 
of patients, particularly in the current environment of increasing pater-
nal age [3]. Since approximately 15% of the male genome is involved in 
reproduction, it is entirely possible that problems related to fertility may 
also be linked to overall somatic health issues in men [3]. While the exact 
mechanism of these changes remains largely unknown, ongoing work has 
postulated that genetic, epigenetic, environmental, or hormonal changes 
may account for some of the associations between male infertility and 
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somatic health problems. Further, another work has demonstrated that 
male infertility may not only be a biomarker of a man’s health but also of 
the health of his family [4, 5].

Genetics, Epigenetics, and Environmental Factors

Associations between male infertility and somatic health issues may be 
related to underlying genetic abnormalities. As stated above, nearly 15% 
of the male genome is involved with reproduction [3]. Spermatogenesis 
is a complex process that involves approximately 2300 genes which regu-
late the development and maturation of germ cells [6]. Underlying genetic 
abnormalities are common in infertile men. Nearly 8% of men with 
severe oligospermia and approximately 20% of men with nonobstruc-
tive azoospermia will have chromosomal abnormalities detected during 
an infertility workup [7, 8]. Variations in published prevalence of genetic 
abnormalities in the infertile male population appear to be related to dif-
ferences in patient selection or the composition of the specific study popu-
lation, but it is clear that men with infertility have a significantly elevated 
risk of genetic abnormalities.

In a large Chinese study from 2017, it was found that 27.3% of men 
with nonobstructive azoospermia and 15.9% of men with severe oli-
gospermia had underlying genetic abnormalities. As a comparison, only 
1.3% of normozoospermic controls possessed an underlying genetic 
abnormality. Of the men with nonobstructive azoospermia, the most 
common genetic abnormalities were sex chromosomal abnormalities 
such as Klinefelter syndrome and Y chromosome deletions. Autosomal 
translocations and inversions were less common. Men with severe oli-
gospermia demonstrated similarly low rates of autosomal translocations 
and inversions. Klinefelter syndrome or mosaic was also less common in 
men with severe oligospermia, with the majority of chromosomal abnor-
malities being Y chromosome deletions [9].

Although infertile men with underlying genetic abnormalities may 
be able to father offspring with the use of assisted reproductive technolo-
gies such as microdissection testicular sperm extraction (microTESE) and 
intracytoplasmic sperm injection (ICSI), the risk of passing genetic aber-
rations to future generations is increased [9, 10].



MALE INFERTILITY AS A MARKER OF FUTURE HEALTH • 47 

Men with infertility related to known genetic syndromes such 
as Klinefelter syndrome, Kallmann syndrome, sickle cell anemia, 
Kartagener’s syndrome, myotonic dystrophy, Fanconi anemia, and beta 
thalassemia face many somatic health risks related to their specific disease 
processes [11]. Historically, infertility limited the natural transmission 
of genetic abnormalities to future generations. While the use of assisted 
reproductive technologies has made it possible for these men to have 
families, it has also necessitated the development of genetic screening 
protocols for partners as well as embryos. Recently, genomic microar-
ray tools have been increasingly used and have been applied to the entire 
male genome to assist in identifying novel genetic causes of infertility 
[12]. This recent data has proposed possible genetic links between male 
infertility and common health problems such as diabetes and obesity [13, 
14]. Patients with genetic problems such as Klinefelter, Prader-Willi, and 
Laurence-Moon-Bardet-Biedl syndrome generally display both obesity 
and infertility. The specific genes involved with these syndromes are well 
documented, but it is possible that other, less conspicuous genetic abnor-
malities may explain the common correlations between infertility, obesity, 
and diabetes [15]. Emerging data continue to show a likely genetic link 
between infertility and numerous disease processes which may develop 
years later. Early evidence suggests that specific genetic pathways may link 
infertility to testicular cancer, prostate cancer, nonfatal stroke, nonfatal 
coronary heart disease, psychosexual dysfunction, and mood disorders 
[16]. For infertile men with a normal chromosomal analysis, the use of 
microarray may identify subtle genetic abnormalities causing both infer-
tility and possible long-term health consequences.

The study of epigenetics has also attracted increasing attention in 
recent years. Spermatogenesis involves several genes which are regulat-
ed through epigenetic mechanisms, and epigenetic aberrations such as 
hypermethylation, histone remodeling, and chromatin modification in 
many of these genes have been associated with poor sperm quality and 
male infertility [17]. Epigenetic changes can be transmitted to future gen-
erations, often with negative health consequences. See Figure 1 regarding 
the impact of lifestyle and epigenetic changes on somatic health and fertil-
ity. Paternal epigenetic changes may result in abnormal gene expression 
in children which could predispose offspring to metabolic abnormali-
ties, obesity, type 2 diabetes, hypertension, and disruptions in body fat  
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composition [18, 19]. Unlike genetic causes of infertility, many epigenetic 
causes of infertility are induced by lifestyle factors. Stress, physical activity, 
diet, alcohol intake, smoking, and sleep disturbances such as shift work 
have been associated with infertility in men and have been implicated 
with epigenetic changes [20, 21].

Specific environmental or occupational exposures may also result 
in epigenetic changes that impact future generations. Paternal exposure 
to pesticides may result in nervous system tumors in children, cigarette 
smoking may result in increased rates of childhood leukemia, and chemi-
cals related to woodwork and wood processing may increase rates of leu-
kemia in children [22–24]. Exposure to ionizing radiation may result in 
increased DNA methylation and impaired DNA repair processes which 
can lead to persistent instability of the male germ line [25].
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Paternal diet may also play a role in gametogenesis. Human studies 
evaluating paternal obesity have demonstrated altered methylation in off-
spring, suggesting that developing sperm is susceptible to environmen-
tal insults related to diet. There is also some evidence that cardiovascular 
mortality in offspring may be related to epigenetic changes in the sper-
matozoa, although this effect may take multiple generations to manifest 
itself [26]. A recent comprehensive meta-regression analysis published in 
2017 demonstrated a dramatic 50–60% decline in sperm counts in men 
in North America, Europe, Australia, and New Zealand between 1973 
and 2011. While this downward trend in sperm counts has not been fully 
explained, lifestyle factors and epigenetic changes may play a large role 
in the overall reduction in male fertility in recent decades. Based on the 
epigenetic data discussed above, these factors may not only have negative 
consequences for male fertility and paternal health but may also nega-
tively impact the health of future generations [27].

Mental Health and Substance Abuse

Certain associations have been documented between infertile men and 
mental health disorders. See Table 1 for details regarding key studies 
evaluating associations between male infertility and nonmalignant health 
risks. Male factor infertility appears to be associated with both depres-
sion and anxiety, although at relatively lower rates than in females who 
are diagnosed with infertility [28]. When evaluating the impact of male 
infertility on mental health, it is difficult to determine whether a cause 
and effect relationship exists since some men present at the time of the 
infertility diagnosis with known mental health issues and others will 
be diagnosed with mental health issues years later. Men with infertility 
undoubtedly experience a certain level of distress related to their diagno-
sis, and a portion of the mental health issues seen in infertile men may be 
explained by an emotional response to the infertility diagnosis. In a recent 
study, 51.8% of men reported a lack of willingness to discuss their repro-
ductive problems with people other than their partner. A man’s decision 
to not discuss his infertility with other individuals was associated with 
increased depressive symptoms based on self-reported questionnaires 
[29]. However, there may be underlying differences in infertile men that 
predispose them to mental health diagnoses independent of the emotional 
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stress of an infertility diagnosis, the process of achieving a pregnancy, 
and the emotionally taxing nature of infertility treatments. See Fig. 2 for 
details regarding male infertility and disease processes.

Infertile men have been shown to have lower secretion of sex hor-
mone-binding globulin (SHBG) and dehydroepiandrosterone sulfate 
(DHEA-S), significantly decreased testosterone levels, as well as elevated 
secretion of cortisol and prolactin [30]. These hormonal abnormalities 
appear to result in decreased semen volume and sperm density, but they 
have also been associated with increased rates of anxiety and depression. 
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Fig. 4.2 The associations between male infertility and various aspects of somatic health, includ-
ing cardiovascular disease, endocrine and metabolic derangement, malignancy risk, and mental 
illness. SHBG sex hormone-binding globulin, FSH follicle-stimulating hormone, LH luteinizing 
hormone, TSH thyroid stimulating hormone, PRL prolactin, GnRH gonadotropin-releasing hor-
mone, DHEA-S dehydroepiandrosterone sulfate

B. M. Hanson and J. M. Hotaling

Fig. 2: The associations between male infertility and various aspects of somatic health, 
including cardiovascular disease, endocrine and metabolic derangement, malignancy 
risk, and mental illness. SHBG sex hormone-binding globulin, FSH follicle-stimulating 
hormone, LH luteinizing hormone, TSH thyroid stimulating hormone, PRL prolactin, 
GnRH gonadotropin-releasing hormone, DHEA-S dehydroepiandrosterone sulfate
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Overall, a higher incidence of depression appears to exist in infertile men 
when compared to the general population, and men who are diagnosed 
with secondary infertility have been found to have significantly higher 
rates of depression than men with primary infertility [31]. Depression 
and anxiety in otherwise healthy individuals who are diagnosed with male 
factor infertility may be the result of hormonal deficiencies in testosterone 
and DHEA-S rather than simply a response to the distress of the diagnosis 
[32]. Psychological counseling sessions may be beneficial in addressing 
the mental health needs of male patients who are diagnosed with infertil-
ity, although there has traditionally been a reluctance among men to seek 
out mental health resources [2, 29, 33].

It has been demonstrated that older men with infertility may be more 
likely to have children diagnosed with autism, schizophrenia, and bipolar 
disorder, particularly in the setting of conception achieved through intra-
cytoplasmic sperm injection (ICSI) [34, 35]. The use of genetic sequencing 
technologies has highlighted associations between male factor infertility, 
particularly in men of advanced age, and mental health consequences 
in offspring [36]. However, there has been virtually nothing published 
regarding rates of these psychiatric disorders in the infertile men them-
selves. To date, it remains unknown whether rates of autism, schizophre-
nia, and bipolar disorder are different in the infertile population than the 
general male population. Studies evaluating the likelihood of developing 
these psychiatric illnesses among infertile men would be beneficial in 
determining future risk to patients since an association has been demon-
strated in future generations.

In addition to depression and anxiety, substance abuse disorders 
appear to be more common in men who are diagnosed with infertility. 
Based on the U.S. claims data, both alcohol abuse and drug abuse appear 
to be elevated (HR 1.48 and 1.67, respectively) in men with infertil-
ity compared to men who underwent infertility testing but had normal 
semen analyses [37]. See Fig. 1 for the impact of lifestyle on somatic 
health and fertility. A clear explanation for the increased risk of drug and 
alcohol abuse among infertile men is lacking in the literature. The associa-
tion between alcohol abuse and male infertility has been evaluated, with 
studies demonstrating that alcohol acts on the hypothalamus and blocks 
the secretion of gonadotropin-releasing hormone (GnRH) as well as the 
binding of the GnRH precursor pre-pro-GnRH to the functionally active 
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GnRH hormone, resulting in impaired spermatogenesis [38]. Even modest 
alcohol consumption of more than five drinks per week has been shown to 
negatively impact sperm quality, although the most significant impact on 
semen analysis parameters is seen with heavy drinking of greater than 25 
drinks per week [39]. Alcohol consumption in men has also been linked to 
changes in testosterone and SHBG levels, so identification of infertile men 
who use alcohol is an important aspect of a comprehensive male infertility 
workup [40]. Lifestyle modifications among infertile men who consume 
alcohol may be warranted to improve sperm quality, but interventions or 
recommendations to prevent the future development of alcohol abuse in 
patients with male factor infertility are an area which remains uninves-
tigated. Since infertile men have a higher likelihood to develop alcohol 
abuse in the future, further studies that provide insight into the mechanis-
tic link between male infertility and predisposition to these risks are vital.

Men who use tobacco are known to have higher rates of erectile dys-
function and increased levels of chromosomally abnormal sperm, and 
smoking rates have been shown to be higher in infertile men than the 
general population [37]. Additionally, the offspring of men who smoke 
near the time of conception has an elevated risk of developing acute 
lymphoblastic leukemia in the future (OR 1.1) [24]. A mechanistic expla-
nation for the association between smoking and male infertility may be 
related to lower seminal zinc levels observed in smokers when compared 
to nonsmokers. Lower seminal zinc levels appear to be associated with 
decreased sperm concentration, motility, and morphology [41]. There is 
also some evidence that nicotine itself, rather than the additional toxins 
associated with cigarettes, may lead to adverse effects on fertility. In animal 
models, exposure to oral nicotine has been associated with decreased 
sperm motility and sperm count [42]. Cigarette smoking is a well-estab-
lished risk factor for erectile dysfunction, with endothelial dysfunction 
and increased oxidative stress representing the primary pathophysiologic 
mechanisms for this association [43]. 21.6% of American men smoke cig-
arettes, and it is clear that smoking has a detrimental effect on male fertil-
ity [44]. Smoking cessation in men can lead to improvements in semen 
parameters in as little as 3 months, so tobacco habits should be addressed 
in all men who are diagnosed with infertility [40]. The increased use of 
tobacco among infertile men predisposes this population to the known 
health consequences of smoking such as emphysema, lung cancer, COPD, 
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and cardiovascular disease. Tobacco cessation in the infertile population 
may lead to both improvements in reproductive health as well as overall 
somatic health.

Additionally, men who abuse marijuana have been found to have 
decreased libido, increased rates of erectile dysfunction, decreased semen 
volume, decreased sperm count, and higher rates of abnormal sperm 
morphology and motility. Marijuana also decreases the production of tes-
tosterone, and more than 33% of men who abuse marijuana on a regular 
basis will present with oligospermia [45]. While associations between 
male factor infertility and other drugs of abuse have been published, large 
studies often lack details about specific substances being abused and the 
frequency of use. The fertility impact of many recreational drugs is not 
known, but thorough patient counseling about possible risks and avoid-
ance of addictive substances is prudent.

Cardiovascular Health

Both congenital and acquired causes of male infertility have been asso-
ciated with an increased risk of cardiovascular disease. One of the most 
common congenital causes of male factor infertility is Klinefelter syndrome, 
affecting approximately 1 in 1000 males. This disease process results in 
an overall lower life expectancy and is associated with an increased risk 
of cerebrovascular disease or stroke (standardized mortality ratio [SMR], 
2.2) and cardiovascular congenital anomalies such as aortic valve disease 
(SMR 7.3) [46]. Cardiovascular health for this specific patient population 
appears to be improved with long-term testosterone replacement therapy, 
which may also be beneficial for psychosocial morbidity and behavioral 
problems seen in patients with Klinefelter syndrome [46, 47].

Acquired or unexplained male factor infertility is more commonly 
encountered than congenital infertility in the clinical setting, with approx-
imately 40–50% of male infertility cases being classified as idiopathic or 
unexplained [48]. Despite the frequent lack of an identifiable cause for 
infertility, infertile men as a whole still appear to be at an elevated risk for 
the development of cardiovascular disease later in life. When compared 
to previously fertile men who had undergone vasectomy, men diagnosed 
with infertility were at a higher risk to develop ischemic heart disease 
(HR 1.41), hypertension (HR 1.09), and hyperlipidemia (HR 1.14) [37]. 



MALE INFERTILITY AS A MARKER OF FUTURE HEALTH • 61 

Associations between infertility and obesity as well as higher smoking 
rates in infertile men appear to provide the most plausible explanations 
for the association between male factor infertility and relatively poorer 
cardiovascular health.

Increasing rates of obesity in the United States and other developed 
nations have coincided with rising rates of poor sperm quality and male 
infertility [49]. In the United States, rates of obesity among men of repro-
ductive age have tripled since the 1970s, with recent data estimating an 
obesity rate of 33.9% for individuals over age 20 [19]. There appears to be a 
direct relationship between increasing body mass index (BMI) and higher 
rates of male factor infertility. This relationship has been reproduced in 
multiple studies [50–52]. See Table 1 for key studies evaluating associa-
tions between male infertility and nonmalignant health risks. Increases 
in BMI and waist circumference have been shown to have a linear, nega-
tive impact on semen volume, concentration, and sperm count [53]. The 
mechanisms by which obesity results in infertility are complex and incom-
pletely understood, but it is known that obesity can negatively impact the 
secretion of luteinizing hormone (LH) from the pituitary gland as well 
as testicular sensitivity to LH. Reductions in SHBG, follicle-stimulating 
hormone (FSH), and inhibin B and elevations in estradiol (E2) can all 
result in decreased sperm quality. Hormonal changes seen in obese men 
may be exacerbated by comorbidities such as sleep apnea and diabetes, 
which are frequently observed together [19].

While the hormonal changes seen in obesity may result in infertility 
for many men, there is emerging evidence that infertility itself may actu-
ally cause or worsen obesity. Low testosterone levels may induce changes 
that result in the metabolic syndrome, leading to increased risk of obesity 
in the future [14]. A German study from 2009 demonstrated that in men 
who did not meet criteria for the metabolic syndrome, low levels of tes-
tosterone were predictive of a subsequent diagnosis of the metabolic syn-
drome during a 5-year follow-up period [54]. In a 2017 study from Taiwan, 
men with low serum testosterone and low SHBG levels were found to have 
a 1.58–3.22 times increased risk of developing the metabolic syndrome in 
the future when compared to men with higher levels of testosterone and 
SHBG [55]. This study also demonstrated that lower SHBG levels were 
associated with higher leptin levels and lower adiponectin levels, which 
can both exacerbate weight gain [55–57]. Similarly, a 2006 study from 
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Massachusetts demonstrated that low serum SHBG, low total testoster-
one, and androgen deficiency are associated with an increased risk for the 
development of metabolic syndrome in the future. This increased risk was 
seen in men of normal BMI (less than 25) at the time of initial presenta-
tion. Low testosterone, low SHBG, and male infertility in general may be 
early warning signs for future risk of obesity in men who are not obese at 
the time of their infertility diagnosis [58].

Overall, men with infertility appear to have higher mortality than the 
general population, with a 2.3-fold increased risk of death compared to 
men with normal semen analyses [59]. While increased mortality cannot 
be entirely attributed to cardiovascular health consequences, the effects of 
obesity, ischemic heart disease, and cardiovascular disease should not be 
overlooked since they play a significant role in the general health status 
of infertile men. It is vital to recognize that infertility may be the primary 
marker in a man’s life for these future health complications and the hor-
monal changes related to infertility may be the underlying cause for sub-
sequent health issues.

Endocrine Dysfunction

Male infertility can also result in significant endocrine abnormalities [3]. 
Men with impaired semen parameters as well as ejaculatory and erectile 
dysfunction are frequently diagnosed with concomitant diabetes [60, 61]. 
As discussed previously, infertility can result in abnormalities in serum 
testosterone, SHBG, leptin, and adiponectin which predispose patients to 
insulin resistance and metabolic syndrome [55–57]. See Table 1 for a list of 
key studies evaluating associations between infertility and nonmalignant 
health risks. The insulin resistance that is a component of the metabolic 
syndrome greatly increases a man’s risk of developing diabetes. Patients 
frequently present with both diabetes and obesity, which often makes it 
difficult to fully characterize the reproductive impact of these two disease 
processes independently. In the United States, 3.4% of the general popula-
tion is diagnosed with both diabetes and obesity [62]. Infertility can lead 
to a positive feedback loop in which endocrine abnormalities related to 
infertility worsen diabetes and obesity, which subsequently worsen semen 
parameters. This cycle appears to result in reduced synthesis of SHBG in 
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the liver, resulting in elevations in free testosterone and subsequent down-
regulation of the androgenic axis. While data are somewhat conflicting, 
this appears to result in further decreased fecundity and semen quality 
[19, 63].

Because of the endocrine abnormalities described above, men with 
infertility and no prior diagnosis of diabetes are at an elevated risk to 
develop diabetes later in life. A large prospective cohort study published 
in 2017 evaluated 39,516 men without diabetes who were undergoing IVF 
for male factor infertility and found that with a median follow-up time of 
5.6 years, 1.6% of subjects were ultimately diagnosed with diabetes during 
the study period (HR 1.45) [13]. These findings indicated that compared 
to men with normal semen analyses or sterilized men, men with male 
factor infertility were at a statistically significant increased risk to subse-
quently develop diabetes. Implementation of diabetes screening in men 
who are diagnosed with infertility and long-term follow-up appear to be 
important methods to provide appropriate care for this group of patients.

In addition to diabetes, proper thyroid function appears to be impor-
tant for the maintenance of male reproductive health. Infertility in men 
may be a marker of underlying thyroid pathology. In initial studies, there 
was felt to be little association between male fertility and the thyroid [64]. 
More recently, multiple studies have shown that abnormal semen analy-
sis parameters and poor male sexual function may be a sign of improper 
thyroid function [65]. Both hyperthyroidism and hypothyroidism have 
been associated with problems related to male fertility. Chronic hyper-
thyroidism may result in a state of pituitary hypersensitivity which can 
impact LH and FSH secretion as well as testicular function [66]. In an 
opposite manner, hypothyroidism may result in increased secretion of 
TSH and prolactin. Increased prolactin can inhibit the release of GnRH 
which results in a decrease in LH and FSH. Decreases in LH and FSH can 
negatively impact testosterone levels and spermatogenesis, resulting in 
loss of libido, erectile dysfunction, and infertility [65]. In order to appro-
priately screen men with infertility for thyroid disease, the American 
Society for Reproductive Medicine recommends measurement of the thy-
roid-stimulating hormone (TSH) in men undergoing a thorough endo-
crine evaluation [1].
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Malignancy

Many early studies evaluating the risk of male factor infertility on long-
term health focused on a man’s risk of developing cancer. The most well-
documented association between infertility and cancer is that of testicular 
germ cell tumors, but men with infertility may also be at an increased 
risk to develop prostate cancer, melanoma, non-Hodgkin’s lymphoma, 
and other types of malignancy [67]. See Table 2 for details regarding 
key studies evaluating a link between male infertility and malignancy. 
Multiple studies have uniformly shown that men with abnormal semen 
analysis parameters are at increased risk to develop testicular cancer. A 
retrospective study from Cornell evaluating 3800 men with abnormal 
semen analyses demonstrated that the study population had a significant-
ly elevated risk for a subsequent diagnosis of testicular cancer following 
their infertility diagnosis (standardized incidence ratio [SIR] 18.3) [68]. 
Similarly, a large Danish cohort study of 32,442 men undergoing semen 
analysis documented statistically significant elevations in risk of testicular 
germ cell tumors in men with abnormal semen analyses compared to the 
general population (SIR 1.6) [69]. A large cohort study linking 15 fertil-
ity centers in California to the California Cancer Registry also reported 
that men with male factor infertility were 2.8 times more likely to develop 
testicular cancer than the general male population [70]. A population-
based study in Utah showed increased rates of testicular cancer in men 
with oligospermia (HR 11.9), reduced sperm motility (HR 1.3), and 
lowest quartile morphology (HR 4.2) compared to fertile controls [71]. 
This strong association is important in the counseling and screening of 
patients with male factor infertility The risk of prostate cancer may also be 
elevated in men with infertility, although publications related to this topic 
are somewhat conflicting. A large population-based study of 20,433 men 
in Utah did not demonstrate an association between male factor infertility 
and prostate cancer [71]. Some European studies have shown decreased 
rates of prostate cancer in childless men, but these studies are limited by 
the fact that childless men are not necessarily infertile [72, 73]. On the 
other hand, a California study of 22,562 men with infertility found that 
male factor infertility was associated with an increased risk of developing 
high-grade prostate cancer (SIR 2.0) [74]. Additionally, a study evaluating 
76,083 infertile men based on claims data also found an increased risk of  
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prostate cancer associated with male factor infertility [75]. A clear expla-
nation for the possible association between male infertility and prostate 
cancer is lacking, although reproductive disorders such as cryptorchid-
ism, environmental factors, abnormal hormonal function, and genetics 
may be involved with the development of both infertility and prostate 
cancer [76].

The literature is relatively lacking regarding associations between 
male infertility and other types of malignancy, although there appears to 
be a positive correlation between abnormal semen analysis parameters 
and melanoma (1.37), leukemia (HR 1.82), and non-Hodgkin’s lymphoma 
(HR 1.76) [67, 75]. When evaluated as a whole, infertile men appear to be 
at an elevated lifetime risk of malignancy.

Conclusions

The relationship between male reproductive health and overall somatic 
health remains complex and largely poorly understood. Numerous envi-
ronmental, genetic, and lifestyle factors likely influence a man’s overall 
health as well as his ability to reproduce. However, it is clear that men with 
infertility may be predisposed to develop other health conditions which 
may not be present at the time of their infertility diagnosis. Using infertil-
ity as a marker of future health can allow for appropriate health screening, 
detailed counseling of risks, and long-term follow-up for men with infer-
tility. As men delay fatherhood and as problems such as obesity, diabe-
tes, and infertility become more common, healthcare providers should be 
aware of the specific risks that patients face to provide the most up-to-date 
information and provide the most appropriate interventions for patients.
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