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Empirical evidence to guide fair HSG pricing policies: Present and future surgical practice in Sub-Sahara Africa


ABSTRACT
Background 
Hysterosalpingography (HSG) is a radiologic modality widely used for investigations in infertility evaluation and preoperative planning for gynecologic surgeries. It is relatively cheap, making it more affordable in low- and middle-income countries (LMICs), like in Sub-Sahara Africa. Uterine fibroids are highly prevalent among women undergoing HSG. Recent astronomical rise in the cost of iodinated contrast agents used in HSG has made some radiology centres to differentially increase the price of the procedure based on the presumption (with no empirical evidence) that fibroids cause uterine cavity enlargement, requiring use of more volume of contrast. This has raised concerns on both equity and access to surgical capacity in LMICs. This study compared the uterine cavity volumes between fibroid and non-fibroid subjects.
Methodology: This is a prospective comparative study of women referred for HSG. Institutional ethical clearance and patients’ consent were duely obtained. Transabdominal ultrasound was performed to detect, characterize and measure fibroids. HSG was then used to demonstrate and measure the uterine cavity dimensions. 
The data was analysed with Statistical package for Social Sciences version 23. Simple descriptive statistics, independent sample t-test, and Pearson’s correlation tests were done. In all the tests for significance, p-values ≤0.05 were considered statistically significant at 95% confidence interval. 
Results: A total of 185 were studied, consisting of 33 subjects (17.84%) in the fibroid subgroup and 152 subjects (82.16%) in the non-fibroid group. The mean uterine cavity dimensions were statistically greater among the fibroid group as follows: fibroid group vs non-fibroid groups; length [5.06cm vs 3.59cm (p˂0.001)], width [3.62cm vs 3.08cm (p=0.016)], volume [27.98cm3 vs 14.10cm3 (p˂0.001). 
Conclusion: Women with uterine fibroids have significantly larger uterine cavity volumes than those without fibroids. However, fair pricing should also take into consideration equity, affordability and access. 
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INTRODUCTION
Hysterosalpingography (HSG) remains one of the most widely used investigations in infertility evaluation and in preoperative planning for gynecologic surgeries such as myomectomy, tubal surgery, and assisted reproduction1,2. Because of relatively ready availability and affordability of HSG compared to more modern techniques [like 3-dimensional ultrasound (3D- US) and magnetic resonance imaging (MRI)] in low- and middle-income countries (LMICs), especially in Sub-Sahara Africa, HSG is often the only readily accessible method for assessing uterine cavity morphology and tubal patency2,3. 
Uterine fibroids are highly prevalent among women undergoing HSG, particularly in women of African descent4. Many presume that fibroids enlarge the uterine cavity thus requiring larger volumes of contrast to adequately fill the uterine cavity during HSG 5,6.
Recently, the cost of iodinated contrast agents used in HSG has increased dramatically. In response, some radiology centres have adopted differential pricing, charging higher fees for HSG in women with fibroids, based on the presumed uterine cavity enlargement by fibroids which would necessitate use of more volume of contrast for uterine cavity filling. This practice has generated significant debate among stakeholders, who express concern from different perspectives.
Radiology centres view it as a means of maintaining cost-effective quality service, while referring clinicians are concerned about affordable diagnostic tool, and patients are concerned about affordability of the service especially, when coupled with the burden of out-of-pocket expenses. Trainees and surgical programs are concerned about accessible HSG services for training future surgeons while health systems express concern about equitable service delivery7. 

Despite these competing interests, the central assumption that fibroids significantly increase uterine cavity size has not been objectively tested in our environment. This study therefore addresses this critical gap: providing empirical evidence to guide fair HSG pricing policies that affect present and future surgical practice in Sub-Sahara Africa. 

METHODS
Comparative cross-sectional study conducted over a period of six months at the University of Nigeria Teaching Hospital (UNTH), and Hansa Clinics (a radiological centre), both located in Enugu, Nigeria. Institutional ethical approval was obtained from UNTH Health Research Ethics Committee (HREC) before the research. Informed consent for inclusion in the study and for publication was obtained from each patient after explanation of the procedures, the purpose of the study and assurance of anonymity. Those who declined were not included in the study. Women referred for infertility-related HSG and who gave their consent to be included were recruited consecutively, however, those with severe intrauterine adhesions, mullerian duct anomalies or partial hysterectomy were excluded from the analyses.
General clinical information, family history and occupational history were obtained through a well explained questionnaire. All participants underwent 2D transabdominal pelvic ultrasound prior to HSG. This was used to locate the fibroids, count them, and measure the size (diameter) of the largest fibroid in each patient. It was thus used to classify the women into fibroid group and non-fibroid groups. Standard HSG technique was performed without fluoroscopy, as is common practice in many LMIC centres. From HSG images: Uterine cavity length (L) and width (W) were measured. 
To enhance measurement reliability, all dimensions on the abdominal ultrasound and the HSG were obtained by a radiologist under the observation of a second radiologist, both of which were blinded from the clinical information of the subject. The second radiologist would re-measure in case of any disagreement. In such cases, the mean values were used for analysis. 
Uterine cavity volume was estimated using a modified prolate ellipsoid formula. The uterus as well as the uterine cavity are each known to approximate a prolate ellipsoid geometrical shape8,9 The volume of a prolate ellipsoid is traditionally calculated as π/6 × length × width × AP diameter (0.524 x L x W x AP)10,11. However, HSG is a 2-dimensional (2D) image technique and does not usually demonstrate the AP diameter as can be done by sonohysterography, 3-dimensional ultrasound or magnetic resonance imaging.
Organ volume estimation using 2D imaging typically assumes an ellipsoid geometry (V ≈ 0.523 × L × W × AP)11. In situations where only two orthogonal dimensions are available, the third dimension may be approximated AP ≈ W, (thus V ≈ 0.523 × L × W²)12. However, several studies have demonstrated that the optimal coefficient varies depending on organ shape and measurement conditions, with modified coefficients often used to improve accuracy in clinical practice12,13,14.  
In this study, a simplified coefficient (0.33) was applied to minimize overestimation associated with 2D projection and geometric assumptions. This method assumes a regular cavity geometry and may be affected by distortion from uterine pathology such as fibroids or intrauterine adhesions. Therefore, the calculated volumes were considered as relative estimates rather than absolute measurements and were used primarily for comparative and analytical purposes within the study population. For the subgroup with fibroids, the number of fibroids and their locations as detected in each subject were recorded and the maximum diameter of the largest fibroid was also measured for each subject.
Analysis was with statistical package for social sciences (SPSS) version 23. Descriptive analysis was done with simple frequency, measures of central tendencies (mean, median and mode), measures of dispersion (standard deviation, variance) and presented in tables and charts. For inferential analysis: our primary objective of testing whether fibroids significantly increases the uterine cavity size on HSG was achieved by independent sample t-test for difference in means between the fibroid group and the non-fibroid group with regards to the uterine cavity length, width and volume. Further inferential statistics were carried out among the fibroid subgroup by conducting Pearson correlation tests between the number of fibroids versus the uterine cavity length, width and volume as well as between the size of the largest fibroid versus the uterine cavity length, width and volume. In all the tests for significance, p-values ≤0.05 were considered statistically significant at 95% confidence interval.

RESULTS
A total of 185 subjects were studied. These were made up of 33 subjects (17.84%) in the fibroid subgroup and 152 subjects (82.16%) in the non-fibroid group (see fig. 1). The age range of the entire population was 20-49 years with mean of 33.07 years and standard deviation of 5.54. While the age range of the fibroid group was 25-29 years with mean of 33.97 years and standard deviation of 6.20; the age range of the non-fibroid group was 20-49 years, with mean of 32.87 years and standard deviation of 5.39.
For the study population, the mean length of the uterine cavity demonstrated with HSG was 3.85cm, the mean width was 3.17cm and mean volume was 6.58cm3. The fibroid group had a mean uterine cavity dimensions as: length of 5.06cm, width of 3.62cm, and volume of 27.98cm3, and for the group without fibroids, the mean uterine cavity dimensions were: length 3.59cm, width 3.08cm and volume 14.10cm3.
Among the fibroid subgroup, the least number of fibroids detected in a subject was 1 (single) and the highest number (most numerous) was 7, with a mean of 1.76 (approximately 2) fibroids per subject. The mean diameter of the largest fibroids seen in the patients was 62.25mm.
Independent sample t-test (table 1) showed statistically significant difference in means in the uterine cavity dimensions between the fibroid group and the non-fibroid group with regards to length (p˂0.001), width (p=0.016), and volume (p˂0.001).
Pearson’s correlation test showed no significant linear correlation between the number of fibroids and the uterine cavity dimensions; length (p=0.060), width (p=0.943), or volume (p=0.695); see table 2. As seen in table 3, Pearson’s correlation test showed a significant linear correlation between the size of the largest fibroid and the uterine cavity length (p˂0.001), but not with the width (p=0.892) nor with the volume (p=0.362).
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           Fig. 1. Pie chart showing the frequency of the fibroid and 
                      non-fibroid subjects


                 Table 1: Independent sample t-test
	Variable        Study group mean(cm)                   t         p-value

	                 Fibroid(n=33)   No fibroid(n=152)

	L (cm)         5.06                     3.59                      5.76          ˂0.001

	W (cm)        3.62                     3.07                      2.43            0.016

	V (cm3)       27.98                  14.10                       3.94          ˂0.001







            



    Table 2. Pearson correlation of the number of fibroids with 
     the uterine cavity dimensions (length, width and volume)
	Variables                          t                        p-value

	L (cm)                            0.336                     0.060            

	W (cm                            0.013                     0.943

	V (cm3)                           0.072                    0.695







       Table 3. Pearson correlation test of the diameter of the 
                      largest fibrods with the uterine cavity dimensions 
                     (length, width and volume)
	Variables                          t                    p-value

	L (cm)                            0.640                 ˂0.001

	W (cm                            -0.025                 0.892

	V (cm3)                           0.166                  0.362






DISCUSSION
This study demonstrated that uterine cavity dimensions (length, width and volume) measured at HSG were significantly greater in women with fibroids. These findings support the long-held clinical assumption of uterine fibroids causing uterine enlargement5,6. These anatomical differences provide a rational basis for the belief that more contrast may be required during HSG in such patients. However, actual volume of the contrast filled uterine cavity was not measured in this study due to non-measurement of the AP dimension, and lack of fluoroscopy. Therefore, while the assumption is anatomically plausible, it remains an indirect evidence.
Measurement of the actual volume of contrast medium used in HSG procedure will, apart from the volume needed for optimal filling of the uterine cavity, include accounting for; the volume pooled in the fallopian tubes in cases like hydrosalpinges and pyosalpinges, the volume in the peritoneal spill (whether free or restricted), as well as the due to reflux of contrast. These cases undoubtedly can occur in both fibroid and nonfibroid cases. However, from our own experience during the procedures, contrast reflux tends to occur more in cases of fibroids. Factors responsible for the more reflux in subjects with  fibroids may include the difficulty in accessing the anterior cervical lip for firm grip with the forceps, failure of the cannula to enter the cervical canal adequately due to presence of low lying fibroid, and resistance to flow of contrast by mass effect of fibroid during contrast administration. 
Nevertheless, the basis for the differential in pricing by the radiology centres was not any of these, but the hitherto supposed uterine cavity enlargement by fibroids, warranting use of more volume of contrast medium in such subjects. Our findings in this study clearly supports this idea of increased uterine cavity volume due to fibroids. 
The finding of linear correlation between the size of the largest fibroid and the  length of uterine cavity but not with the diameter or the volume, shows that though all the dimensions (L, W, V) are increased significantly by fibroids, only the length has a linear relationship with the size of the largest fibroid. It could be that most of the largest fibroids tend to be oriented longitudinally.
Despite the finding in our study that uterine fibroids causes significant increase in uterine cavity length, width and volume on HSG, the implication of these findings with regards to HSG pricing should not be taken in isolation. The various stake holders’ concerns need to be properly considered.
Radiology centres facing rising contrast costs run the risk of financial loss if a single uniform price is maintained; so for them, differential pricing appears economically logical and they may be forced to limit HSG services if uniform pricing is adopted and procedures become cost-ineffective15. This will reduce HSG access to support surgical capacity in LMICs irrespective of how valid other stakeholders’ argument appear. Clinicians and Surgeons depend on HSG for decision-making and high HSG costs may delay diagnosis and surgery. In fact, reduced access due to high cost can impair management of infertility and gynecologic diseases16,17, and unjustified price hikes may therefore compromise clinical care.
On the part of the patients, management of fibroids with its various symptoms like pains, abnormal uterine bleeding, infertility, miscarriage and others coupled with out of out-of-pocket payment obtainable in most places in Sub-Saharan Africa, have placed great burdens already, so that additional charges may make HSG unaffordable and push patients to unverified and harmful alternatives17,18. This raises serious equity and ethical concerns.
Concerning trainees and surgical education, affordable and accessible HSG is essential for training residents in infertility evaluation, preoperative planning for myomectomy and tubal surgery as well as developing skills in evidence-based surgical decision-making19,20. These are important for developing the next generation of surgeons in Sub-Sahara Africa. Should HSG become inaccessible due to pricing disputes, training opportunities will decline, ultimately affecting surgical capacity in this region and worsening overall surgical outcomes.
Health systems and policy maker aim at a balance between sustainability of diagnostic services, fairness to patients, protection of training programs, and rational resource allocation. These make deployment of evidence-based policies critical. Hence sincere and balanced adjustments in pricing taking all stake holders concern into consideration is advisable.
The use of a modified ellipsoid model in this study reflects a pragmatic adaptation to the inherent two-dimensional limitations of HSG, and similar assumptions have been applied in imaging-based morphometric analyses where direct volumetric acquisition is not feasible11,12,13,14.


CONCLUSION
Women with uterine fibroids have significantly larger uterine cavity dimensions than those without fibroids. This provides anatomical evidence supporting the assumption of potentially increased contrast requirement during HSG. However, translating this into pricing policy must be done cautiously and ethically, considering the interests of all stakeholders (patients, radiology centres, clinicians, trainees, and health systems). Fair, evidence-based HSG pricing is essential not only for current infertility care but also for the development of the next generation of surgeons in LMICs like Sub-Sahara Africa.
Limitations of the study
Actual contrast volume used was not measured due to non-demonstration of the uterine cavity AP diameter by HSG, use of prolate ellipsoid shape assumption. Other limitations include:  not accounting for; reflux, contrast pool (in cases of hydrosalpinges and / or pyosalpinges), and contrast spill into peritoneal cavity. Non-fluoroscopic technique may introduce variability. Limited centre design as used here will not be adequate for generalization of results.


Recommendations
1. Evidence-based pricing policies and stake holders’ consultation: differential pricing should only be adopted with transparent empirical justification and pricing decisions must involve radiologists, surgeons, hospital administrators, and patient advocates.
2. Subsidies and Pooled Procurement: governments should subsidize medical equipment and consumables, while institutions should explore bulk purchasing of contrast to reduce costs.
3. Protection of Access: Policies should prioritize patient affordability to safeguard patient care, training and surgical services. Full inclusion of HSG in health insurance schemes should be enforced.
4. Standardized Reporting: HSG reports should routinely include uterine cavity measurements.
5. Further Research: Multicenter studies involving measurement of actual contrast volume and use of fluoroscopy are recommended.
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