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Background: Intravasation during transvaginal 4-dimensional hysterosalpingo-contrast sonography (TVS 4D-HyCoSy) may lead to
false-negative results in tubal patency evaluation. Although the influencing factors associated with intravasation have been investi-
gated, some factors are only identified during 4D-HyCoSy, thus currently no studies on preventing intravasation. However, several
preprocedural features can be collected in advance, which may be valuable in predicting intravasation.
Objective: The purpose of this study is to establish a nomogram incorporating the preprocedural features to predict the risk of
intravasation before TVS 4D-HyCoSy.
Methods: The data of 276 infertile women with patent fallopian tubes were analyzed retrospectively. They were assigned to the study
group (n = 62) and the control group (n = 214) according to the development of intravasation. The preprocedural characteristics were
collected to investigate the predictors independently associated with intravasation, which were then served as the construction of
a nomogram. The performance of the nomogram was verified internally.
Results: History of uterine curettage (OR = 2.341, P = 0.009), endometrial thickness (OR = 0.587, P < 0.001), and examination
schedule (OR = 0.790, P = 0.024) were found to be the independent influencing factors associated with intravasation. The established
nomogram incorporating these preprocedural features was useful for predicting the risk of intravasation prior to 4D-HyCoSy. It yielded
net benefits when the predicted probability was less than 50%.
Conclusion: The nomogram incorporating the preprocedural characteristics achieved a net benefit for clinical decision-making when
the estimated risk was less than 50%. It is recommended to change the examination schedule for patients with an estimated risk greater
than 50% and perform 4D-HyCoSy when the risk is less than 50%.
Keywords: intravasation, TVS 4D-HyCoSy, nomogram, preprocedural characteristics, tubal patency

Introduction
Fallopian tube injury is a prevalent cause of female infertility, which affects roughly 20% of infertile women.1 Tubal
patency test is critical for determining the reasons of infertility and choosing the optimal treatment. Transvaginal
4-dimensional hysterosalpingo-contrast sonography (TVS 4D-HyCoSy), a multi-dimensional imaging method that
observes ultrasound contrast agents filling in the uterine cavity and fallopian tubes, and then diffusing in the pelvic cavity
in real time, is proved to effectively assess tubal patency without requiring hospitalization.2–5 Because of its safety and non-
radiation, s4D-HyCoSy is growing to be an attractive screening technique for fallopian occlusion as an alternative to
hysterosalpingography.6 However, due to the tiny volume of ultrasonic contrast agents, they tend to diffuse to the
myometrium and pelvic venous plexus via abnormal routes to affect the display of uterine cavity and fallopian tubes,
which is called intravasation.7,8 Intravasation will result in reticular patterns and multiple thin lines that ultimately lead to
false assumptions in diagnosis.9–11 According to the latest published studies, the incidence of intravasation ranged from
13.04% to 26.28% in the process of TVS 4D-HyCoSy,10,12 which was much higher than that in hysterosalpingography
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(6.9% to 7.2%).13,14 Thus, prevention of intravasation is critical for the assessment of tubal patency in women presenting
with infertility.

To the best of our knowledge, intravasation is associated with endometrial thickness, examination schedule,
secondary infertility, clinical history (such as abortion, intrauterine surgery, and ectopic pregnancy), fallopian occlusion,
pain, and improper operation.10,12,13 However, understanding the influencing factors has no effect on the prevention of
intravasation. This is due to the lack of studies currently available to predict the risk of intravasation prior to 4D-HyCoSy.
Although fallopian occlusion, which has been demonstrated to be the most important influencing factor, cannot be
determined before 4D-HyCoSy, several preprocedural features such as endometrial thickness, examination schedule, and
clinical history can be collected in advance.

To avoid the impact of fallopian occlusion, the purpose of this study was to analyze the characteristics of patients with
intravasation but patent fallopian tubes, and to establish a nomogram model to predict the risk of intravasation prior to
TVS 4D-HyCoSy. It may provide more individual strategies to avoid the occurrence of intravasation.

Materials and Methods
This study was approved by the institutional review board of the First People’s Hospital of Wenling (KY-2021-1016-01).
Informed consents were obtained from all participants. It was planned in accordance with the Declaration of Helsinki.

Patients
The medical records of 416 infertile patients who underwent TVS 4D-HyCoSy between April 2019 and December 2021
in our center were retrospectively analyzed. Infertility is defined as the inability to achieve a clinical pregnancy in 12
months of unprotected relationships. The included patients were free of contraindications for HyCoSy, including vaginal
hemorrhage, acute sexually transmitted disease, genital system inflammation, sulphur hexafluoride allergy, and abnormal
fallopian tubes caused by hydrosalpinx or ectopic pregnancy. Patients with occluded fallopian tubes (unilaterally or
bilaterally) were excluded due to the requirement of the study design.

Finally, 276 women with patent fallopian tubes were enrolled in this study. Women whose fallopian tubes were
unobstructed but the contrast agents do not move through the tube smoothly were included as well.2 Women without
intravasation (n = 214) were assigned to the control group, while those with intravasation were assigned to the study
group (n = 62). Clinical data prior to TVS 4D-HyCoSy including age, infertility duration, infertility type (primary/
secondary), endometrial thickness, examination schedule (clean day after menstruation), intrauterine lesions, and history
of uterine curettage, pelvic surgery, and pelvic inflammatory disease were collected.

TVS 4D-HyCoSy
Tubal patency test was performed using the Voluson E10 (GE Healthcare, Zipf, Austria) ultrasound system with a RIC
5-9-D volume probe (5–9 MHz) and a dedicated contrast-imaging software. All measurements were performed by 2
ultrasound physicians experienced in the use of TVS 4D-HyCoSy. The procedure was performed between the third and
tenth days after their last menstrual period. Prior to 4D-HyCoSy, the reproductive system was initially evaluated by
transvaginal 2D and 3D sonography, and the uterine endometrial thickness was measured. After the balloon catheter was
confirmed, the 4D-HyCoSy mode was activated after positioning the probe at the level of the sectional plane of the uterus
to display bilateral uterine horns and surrounding tissues. SonoVue contrast agent (SonoVue, Bracco International BV,
Amsterdam, the Netherlands) was made by mixing 59 mg of SonoVue freeze-dried powder with 5 mL of 0.9% saline
solution. The SonoVue solution was then diluted into a 15-mL suspension with 0.9% sterile saline solution and injected
into the uterus. The contrast-enhanced volume images were saved as 4D cine clips without 2D image reconstruction. The
tubal patency was assessed by playing back the 4D imaging videos, while observing whether the intravasation progressed
to the myometrium or venous plexus.
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Characteristics of Intravasation
Intravasation near the myometrium appears as a strong echo near the myometrium after the formation of uterine cavity,
with characteristics of “spot like”, “mesh like”, or “cloud like” in volume images (Figure 1A). With respect to the
intravasation in the venous plexus, cord or “net like” echo amplification was observed around the uterus (Figure 1B).

Nomogram Establishment
The preprocedural characteristics of infertile women were compared in the study and control groups (univariate analysis).
The variables that were statistically significant in the univariate analysis were included in the multivariate Logistic
regression model to investigate the predictors independently associated with intravasation. By assigning each predictor
a number with a weight equal to the odds ratios (OR) value from the multivariate Logistic regression model, we
established a nomogram to determine the likelihood of intravasation prior to TVS 4D-HyCoSy. The performance of the
nomogram was verified internally.

Statistical Analyses
Continuous data were expressed as median (25,75 percentiles) when they are skewed distributed, and the Mann–Whitney
U-test was used. Categorical data were analyzed using the Chi-squared test. The nomogram model was composed of the

Figure 1 Development of intravasation during the process of TVS 4-D HyCoSy. It exists near the endometrial myometrium (A) and venous plexus (B and C). No
intravasation happens in (D). The intravasation in the uterine myometrium presents a “mesh like”, or “cloud like” echo in the fundus of the uterus ((A), white fingers). The
intravasation in the venous plexus is observed as a “net like” echo, which affects tubal patency diagnosis (right fallopian tube in (B) and left fallopian tube in (C), white
fingers). When no intravasation happens during the process of TVS 4-D HyCoSy, the border of the uterine cavity is clear and smooth. Both fallopian tubes are clear and
developed entirely.
Abbreviation: TVS 4-D HyCoSy, transvaginal 4-dimensional hysterosalpingo-contrast sonography.
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independent predictors and their odds ratios (OR) calculated by the multivariate Logistic regression. For the verification
of the nomogram, a bootstrap resampling (1000 times) analysis was applied. The C-index and Hosmer-Lemeshow (HL)
test were used to assess the discrimination and calibration of the nomogram. The receiver operating characteristic (ROC)
curve and the calibration curve were used to show their distribution. The clinical net benefits were assessed using
decision curve analysis (DCA). The statistical analyses were performed using IBM SPSS Statistics 22.0 (IBM Corp.,
Armonk, NY, USA), MedCalc (Version 22.0.1; MedCalc Software, Ostend, Belgium), and R package version 3.6.2.

Results
Comparison of the Preprocedural Characteristics in Patients with or without
Intravasation
Contrast intravasation was observed in 62 of 276 women with patent fallopian tubes, representing an overall incidence of
22.5%. Table 1 summarizes the preprocedural characteristics in patients between the study and control groups.
Intravasation was associated with infertility type, examination schedule, endometrial thickness, and history of uterine
curettage (all P < 0.05). There were no significant differences in age, infertility duration, intrauterine lesions, and history
of pelvic surgery and pelvic inflammatory disease (all P > 0.05).

Independent Predictors Associated with Intravasation
Multivariate Logistic analysis further revealed that history of uterine curettage (OR = 2.341, P = 0.009), endometrial
thickness (OR = 0.587, P < 0.001), and examination schedule (OR = 0.790, P = 0.024) were found to be the independent
influencing factors associated with intravasation (Figure 2). There was no correlation between infertility type and
intravasation (P = 0.134), although secondary infertility was more likely to cause intravasation than primary infertility.

Nomogram Development
Based on these independent predictors, a nomogram was constructed to predict the likelihood of intravasation prior to
TVS 4D-HyCoSy (Figure 3). The estimated risk of intravasation was calculated by summing the scores of each predictor,
with the weight equal to the OR value from the multivariate Logistic regression model.

Nomogram Verification
The overfitting-corrected C-index obtained after 1000 bootstrapping in the verification was 0.765 (95% CI: 0.710–0.814),
indicating an acceptable discrimination. The calibration test demonstrated no significant difference between the predicted and
actual likelihood of intravasation (χ2 = 3.328, P = 0.912), indicating good calibration. Figure 4A and B display the ROC curve

Table 1 Comparison of Clinical Data Prior to TVS 4D-HyCoSy Between the Control and Study Groups

Variable Control Group (n=214) Study Group (n=62) P value

Age, year 29 (26, 34) 31 (27, 34) 0.188*

Infertility duration, year 2.3 (1.6, 2.8) 2.5 (1.6, 2.9) 0.432*

Infertility type, n(%)
Primary 113 (52.8%) 23 (37.1%) 0.029#

Secondary 101 (47.2%) 39 (62.9%)

Examination schedule, day 5 (4,6) 5 (4,5) 0.001*
Endometrial thickness, mm 6.1 (4.8, 8.4) 5.1 (4.2, 5.5) <0.001*

Intrauterine lesions, n(%) 34 (15.9%) 13 (21.0%) 0.349#

History of uterine curettage, n(%) 53 (24.8%) 30 (48.4%) 0.024#

History of pelvic surgery, n(%) 35 (48.4%) 14 (48.4%) 0.259#

History of pelvic inflammatory disease, n(%) 20 (9.3%) 7 (11.3%) 0.650#

Notes: *For Mann–Whitney U-test, and #for chi-square test. TVS 4-D HyCoSy, transvaginal 4-dimensional hysterosalpingo-contrast sonography. Continuous data were
expressed as median (25,75 percentiles).
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and calibration curve for analyzing the discrimination and calibration of the nomogram. However, the DCA revealed that the
nomogram yielded clinical net benefit only when the threshold probability was less than 0.5 (Figure 5).

Discussion
Intravasation in 4D-HyCoSy may affect the identification of the fallopian tube, resulting in false-negative results in the
evaluation of tubal patency.9 Accurate prediction of intravasation prior to TVS 4D-HyCoSy may avoid re-evaluation due
to the failure of tubal patency test. In the present study, we established a nomogram incorporating the preprocedural
features (endometrial thickness, examination schedule, and history of uterine curettage) to predict the risk of intravasa-
tion in patients with patent fallopian tubes. To our knowledge, this is the first study to estimate the likelihood of
intravasation prior to TVS 4D-HyCoSy via a prediction model. Despite the fact that this model excluded data of fallopian
occlusion, which was the most critical influencing factor that could not be determined before 4D-HyCoSy, the nomogram
yet yielded net benefits when the predicted probability was less than 50%. It suggested that it might become a triage test
for infertile women to prevent intravasation as much as possible in 4D-HyCoSy.

Although contrast intravasation seldom results in serious complications (such as embolization), it is necessary to
minimize intravasation in the tubal patency test. The development of intravasation depends on the preprocedural and
procedural factors.13 The primary influencing factor of intravasation, according to the reported studies, is increased

Figure 2 Forest plot of logistic regression analysis for predictors associated with intravasation. Examination schedule, endometrial thickness, and history of uterine
curettage are the independent predictors associated with intravasation.

Figure 3 Nomogram predicting the likelihood of intravasation prior to TVS 4D-HyCoSy. The point assignment for each variable is shown in the top row. The variables in the
nomogram are listed in rows 2–4. Each variable is assigned a number with a weight equal to the OR value from the multivariate Logistic regression model. The probability of
intravasation is shown in the bottom row.
Abbreviations: TVS 4-D HyCoSy, transvaginal 4-dimensional hysterosalpingo-contrast sonography; OR, odds ratio.
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intrauterine pressure induced by fallopian occlusion.11,15,16 However, they are only of limited benefit in preventing
intravasation because they cannot be identified in advance. On the other hand, the investigation of preprocedural factors
of intravasation helps to minimize the occurrence of intravasation. Our study therefore purposely analyzed the char-
acteristics of patients with patent fallopian tubes to avoid the effect of fallopian occlusion on intravasation. In the present
study, we found that intravasation during 4D-HyCoSy was observed in 22.5% of women with patent fallopian tubes. It
meant that identifying and improving the preprocedural factors of these patients was expected to reduce the likelihood of
intravasation.

Endometrial thickness, examination schedule, and history of uterine curettage were revealed to be the independent
predictors of intravasation prior to 4D-HyCoSy in this investigation. Among them, endometrial thickness and examina-
tion schedule were recognized influencing factors, which were also reported in the studies by Shi et al and Wang et al10,12

Figure 5 Verification of the nomogram using DCA. The blue line represents the nomogram model. It indicates that the nomogram yields clinical net benefit when the
threshold probability is < 0.5.
Abbreviation: DCA, decision curve analysis.

Figure 4 Verification of the nomogram predicting the likelihood of intravasation prior to TVS 4D-HyCoSy. The discrimination is plotted using the ROC curve (A). The AUC
is 0.765 (95% CI: 0.710–0.814), indicating an acceptable discrimination. The calibration curve is plotted for evaluating the calibration of predicted probability of intravasation
and actual occurrence of intravasation (B). It indicates that the nomogram-predicted probability compared well with the actual occurrence.
Abbreviations: TVS 4-D HyCoSy, transvaginal 4-dimensional hysterosalpingo-contrast sonography; ROC, receiver operating characteristic curve; AUC, area under the
curve; 95% CI, 95% confidence interval.
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It is known that endometrial dating is related to endometrial maturation during menstrual cycles.17,18 In patients with
regular cycles, 4D-HyCoSy should be administered at 3 to 10 days after the menstrual cycle.19,20 However, it is
unreliable in individuals with irregular menstruation, and individual variances contribute to a wide range of endometrial
thickness. If the endometrium is thin and has not been fully repaired, it is easy to cause intravasation during HyCoSy.
Endometrial thickness was found to be associated with vascular permeability in histopathologic studies. The exposure of
microvessels to the contrast agents may increase the risk of contrast agents penetrating into the myometrium and venous
plexus due to incomplete repair of periodically stripped endometrium.21,22 History of uterine curettage is the third
independent predictor obtained in this study. Uterine curettage may induce endometrial injury, increasing the likelihood
of some complications such as reproductive tract infection and intrauterine adhesions, which result in intravasation due to
the high intrauterine pressure.23 Curettage, on the other hand, can easily damage the basal layer of endometrium,
resulting in contrast agents infiltrating the venous plexus through the injured blood vessels.24

In the verification experiment, the established nomogram showed strong calibration. Although the discrimination of the
nomogram was only 0.765 due to the absence of an important predictor - fallopian occlusion, the nomogram was still useful
for predicting intravasation. DCA revealed that when the anticipated risk was less than 50%, the prediction of the nomogram
could achieve a net benefit for clinical decision-making. It suggests that the nomogram including preprocedural features is
only suitable for predicting the negative outcome of intravasation. For example, a 30-year-old infertile woman with a history
of uterine curettage is planned to receive TVS 4-D HyCoSy. Her endometrial thickness and examination schedule are 6 mm
and the 5th day, respectively. The total score of the nomogram is about 110, which indicates that the risk of intravasation is
less than 40%. TVS 4D-HyCoSy is advised for this patient. However, if the estimated risk is greater than 50%, it is
recommended to adjust the schedule and perform 4D-HyCoSy when the risk is less than 50%.

Two limitations in this study have to be considered. First, it is a retrospective study that only included patients with
patent fallopian tubes, which inevitably leads to selection bias. Second, only internal validation was performed in this
study (with no external validation yet due to the limitations of the retrospective study). A large-scale prospective
validation study is required to validate the prediction model.

Conclusion
We established a nomogram incorporating the preprocedural characteristics (endometrial thickness, examination schedule,
and history of uterine curettage) to predict the likelihood of intravasation prior to TVS 4D-HyCoSy. The nomogram achieved
a net benefit for clinical decision-making when the estimated risk was less than 50%. It is recommended to change the
schedule for patients with an estimated risk of more than 50% and perform 4D-HyCoSy when the risk is less than 50%.
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