



Review Article
 IS HYSTEROSALPINGOGRAPHY STILL RELEVANT IN MODERN-DAY FEMALE INFERTILITY WORK-UP? A REVIEW

 
Abstract
Hysterosalpingography (HSG), a radiologic procedure used to study the uterus and fallopian tubes is one of the oldest and most widely used imaging modalities in the evaluation of female infertility. Over time there have been advancements in science and technology which resulted in the discovery and use of more modern radiologic modalities like ultrasound-based and magnetic resonance (MR) imaging techniques such as, three-dimensional / four-dimensional transvaginal ultrasound (3D/4D-TVUS), saline infusion sonohysterography(SIS), hysterosalpingo-contrast sonography (HyCoSy), hysterosalpingo-foam sonography (HyFoSy), and MR-hysterosalpingography (MR-HSG). These more modern techniques have challenged the relevance and justification for continuing the use of HSG in infertility work-up. Against this background, one wonders if HSG is still relevant today in female infertility work-up. Thus, this review seeks to find out the ongoing relevance or otherwise of HSG in modern infertility work-up. In this process, the comparative diagnostic and therapeutic value of HSG, its relative safety and invasiveness, as well as its cost effectiveness and accessibility, are put in perspective with the newer modalities. The outcome shows that despite the new discoveries and the advancements achieved in modern imaging, HSG continues to play important roles in female fertility work-up as it remains relevant in assessing tubal patency and uterine morphology. Its accessibility, standardization, and cost-effectiveness make it near indispensable, especially in resource-limited clime. It complements rather than competes with the newer technologies.  
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Introduction
The name ‘hysterosalpingography’ which is made up of three root words: ‘hystero’ (referring to the uterus), ‘salpingo’ (referring to the fallopian tubes) and ‘graphy’ (meaning to record or image); literally means the imaging of the uterus and fallopian tubes. It is commonly abbreviated as HSG. True to its name, it is a radiologic procedure used to study the uterus and the fallopian tubes for various indications. These indications include infertility, abnormal uterine bleeding, mullerian duct anomalies, cervical incompetence and others. However, the single most common indication for HSG is infertility. Infertility is defined as the inability to conceive after 12 months of regular unprotected intercourse, and it affects approximately 10–15% of couples globally1-2. It can be classified as primary or secondary. Female infertility can be due to uterine factors, tubal factors, hormonal factors, systemic diseases and others. Tubal and uterine factors are notable causes. For instance, 14%-35% of female infertility is attributed to tubal factors1,3,4-6 . 	Comment by Hp: Add 3 references 
For decades, HSG has been a key modality of investigation of tubal causes, though laparoscopy with chromotubation was considered the gold standard7-10. However, with the emergence of newer techniques like: three-dimensional / four-dimensional transvaginal ultrasound (3D/4D-TVUS), saline infusion sonohysterography(SIS),  hysterosalpingo-contrast sonography (HyCoSy), hysterosalpingo-foam sonography (HyFoSy), and MR-hysterosalpingography (MR-HSG), all of which are less invasive than HSG and can be used to access the uterus and fallopian tubes with different levels of accuracy, the relevance of HSG in modern infertility work-up has been called to question11-16.	Comment by Hp: To be accurate, separate your references by adding one reference for each technique. 

     Technique and Timing of HSG
In order to outline the uterine cavity and the fallopian tubes, HSG involves the sequential introduction of radiopaque contrast into the uterine cavity. This is done under fluoroscopic guidance. The procedure is performed in accordance with the ten-day rule, which requires that pelvic radiographic examinations should be conducted within the first 10 days of the menstrual cycle, counted from the first day of menstruation, to minimize the risk of inadvertent irradiation of an early pregnancy; and ensure optimal endometrial conditions for HSG imaging17-20. It is usually scheduled between days 5 and 10 of the menstrual cycle; and this  corresponds to the early proliferative phase, which is after cessation of menstrual bleeding and before ovulation18,21. At this time, the endometrium is thin and uterine cavity is clear; as such, there is improvement of the quality of cavity opacification and optimal visualization of tubal patency.
Prior to the study, the last menstrual period (LMP) is carefully obtained from each subject and when there is any level of uncertainty, a pregnancy test is performed to rule out ongoing pregnancy. Patients are further advised to abstain from sexual intercourse from the onset of menstruation until the day of the procedure to further reduce the risk of performing HSG during early conception18,22. 
Strict asceptic protocols are followed in carrying out this procedure. The combination of proper patient selection and counselling, accurate timing and strict asceptic protocols, warming the contrast medium to body temperature, as well as premedication with the appropriate analgesic and or antispasmodic agent,  help to  reduce the risks of infection and false positive tubal blockage (which can result from tubal spasm) to the barest minimum18,21,23-24.	Comment by Hp: Wrong term? Please correct and define it briefly with citing the reference. 

Diagnostic Value
The diagnostic value of HSG lies on its ability to provide valuable information about the uterine cavity, as well as tubal morphology, and patency, thus detecting lesions like congenital anomalies, submucous fibroids, polyps, intrauterine adhesions, tubal occlusion, hydrosalpinx and peritubal adhesions18,25. Despite its limitations in differentiating various forms of peritubal adhesions; many studies, including recent ones, uphold that HSG remains a reliable first-line investigation for evaluating tubal factor infertility, especially in low- and middle-income   countries where advanced imaging may be unavailable18,26.	Comment by Hp: One study (reference 26). 
 
Therapeutic Role	Comment by Hp: Discuss further with citing references 
In addition to the diagnostic role of HSG, it has been shown to have a therapeutic effect. Passage of contrast medium through the fallopian tubes, may flush debris or mucus plugs from them, resulting in improved spontaneous conception rates27-28. Available meta-analyses results indicate that such improved pregnancy rates are significantly achieved more with oil-based contrast media than water-based agents27-31.

Comparison With Other Modalities
Though laparoscopy has been considered the gold standard for tubal assessment in infertility workup, its high cost and invasive nature (with possible operative complications) had given HSG the edge over it10,32-33. Recent radiologic techniques like 3D-TVUS, SIS, HyCoSy, HyFoSy, and MRI-HSG have provided good options for female infertility work up by providing non-invasive, ionizing radiation free option for assessing tubal patency and uterine structure14-16.
a. Three Dimensional Transvaginal Ultrasound (3D-TVUS)  and Saline Infusion sonohysterography(SIS)
Some authors noted that 3D-TVUS achieves diagnostic accuracy comparable to MRI in detecting congenital uterine malformations and is now regarded as the gold standard for assessing uterine morphology, endometrial contour, and Müllerian anomalies34-37. Its real-time coronal acquisition, allows accurate differentiation between septate, bicornuate, or arcuate anomalies uterus that may appear similar on HSG. However, it is poor at tubal evaluation (thereby giving HSG the edge). 
Saline Infusion Sonography (SIS) is also superior to HSG for identifying intrauterine lesions such as endometrial polyps, adhesions, and submucous fibroids but is also poor at evaluating tubal patency unless modified with air bubbles or contrast agents as in HyCoSy14,38. Both 3D-TVUS and SIS, do not make use of ionizing radiation, however, they are highly operator dependent3,39-40.

b. Hysterosalpingo-contrast sonography (HyCoSy) and hysterosalpingo-foam sonography (HyFoSy)
Hysterosalpingo-contrast sonography (HyCoSy) and hysterosalpingo-foam sonography (HyFoSy) both can assess tubal patency comparable to HSG, and in addition they are better tolerated by patients and do not make use of  ionizing radiation11,14,16. They are also said to demonstrate hydrosalpingx better than HSG41-42. It is also reported that HyFoSy compared to HSG have significantly lower pain scores during the procedure, in addition to having similar pregnancy outcomes16,43.  Hsome authors reported no difference in pains and no difference in patients’ preferences between HSG and HyCoSy44. Both HyCoSy and HyFoSy can be more economical and can be performed in the examination room16,43, but, they are also highly operator dependent3,39.

c. Magnetic Resonance-Hysterosalpingography (MR-HSG).
MRI-HSG can be used to assess the fallopian tubes in female with infertility in a manner comparable to HSG and further provides superior soft-tissue contrast and can access other pelvic lesions, but it is less available and when available it is largely not affordable to patients especially in the middle and low income economies, thereby reducing its choice of consideration for fertility work-up37,39,45-47.

Among all the imaging techniques presently available for infertility work-up, HSG maintains a combination of qualities to its credit despite its use of ionization radiation. These include, provision of simultaneous uterine cavity and tubal lumen assessment in a single standardized fluoroscopic session28, associated therapeutic flushing effect, significantly improving pregnancy and live-birth rates especially with oil-based agents48-49, less invasiveness, readily and widely global availability, cost-effectiveness, and accessibility even in low- and middle-income settings1,33,50-52. In the case of fertility work-up, and when necessary precautions are taken in carrying out HSG, its gains outweighs the possible hazards.
Although MR-HSG and ultrasound-based modern techniques are promising, cost, limited access and operator dependence3, restrict their routine use; hence, HSG continues to play a complementary and often decisive role in contemporary fertility work-up.

Conclusion
As much as there are now newer techniques for infertility work-up, chiefly ultrasound-based and MRI-based techniques; HSG is still recognized as an important and relevant investigation in the evaluation of female infertility. However, there is no uniform agreement on whether to designate it the gold standard, primary, first line, complementary or confirmatory modality in female    fertility work-up among authors. Presently, it will be better to regard HSG as complementary to, rather than dominating, competing with or replaced by, emerging imaging techniques. Its accessibility, availability, cost-effectiveness, diagnostic accuracy, and occasional therapeutic role, make it a useful, relevant and handy tool, especially in low-resource settings. 
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