Complex Ultrasound Assessment and Power Doppler Vascular Indices in Correlation with Histopathology in Differentiating Adenomyosis and Fibroid Uterus
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Abstract 
Background: The presence of ectopic endometrial duct and stroma in the myometrium is the defining feature of adenomyosis, a benign condition. It has historically been linked to multiparity in females aged > 40 who have experienced menorrhagia. The aim was to detect the role of Complex ultrasound and power doppler indices in Correlation with histopathology to differentiate adenomyosis and fibroid uterus.
Methods: This prospective clinical cohort study was carried out on 102 cases scheduled for hysterectomy (abdominal, laparoscopic, or vaginal) as a result of uterine masses (fibroids or adenomyosis). Transabdominal and Transvaginal ultrasound and uterine artery Doppler was performed for all cases. Ultrasound examination was performed using GE Voluson p8 with patients in supine position. 
Results: Fibroid lesions were significantly larger in size and volume than adenomyosis. Vascular patterns differed significantly, with adenomyosis showing predominantly central vascularity and fibroids mainly peripheral vascularity. VI and VFI were significantly elevated in adenomyosis, and all uterine artery Doppler indices (PI and RI on both sides) were elevated in the adenomyosis cases (p < 0.001). Histopathology confirmed 45 cases (44.1%) of adenomyosis and 57 cases (55.9%) of fibroid uterus. VI and right RI demonstrated perfect diagnostic performance (AUC = 1.000) with 100% sensitivity and specificity, while VFI, PI (right and left), and left RI showed excellent discriminatory ability. In contrast, FI showed poor diagnostic accuracy (AUC = 0.567) and was statistically insignificant (p = 0.246).
Conclusions: Combined ultrasound and power Doppler assessment provides useful diagnostic differentiation between adenomyosis and uterine fibroids.
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Introduction: 
The presence of ectopic endometrial duct and stroma in the myometrium separates adenomyosis from other benign conditions [1]. It has historically been linked to multiparity in females above 40 years who have experienced menorrhagia. Histological examination of hysterectomy specimens was the sole method by which a definitive diagnosis could be obtained [2, 3].
Patients may experience one or more of the following: dysmenorrhea, chronic pelvic pain, abnormal uterine bleeding (AUB) (heavy uterine bleeding and intermenstrual haemorrhage), and adverse effects on fertility [4].
Adenomyosis and uterine leiomyoma are benign conditions; however, they are regarded as the primary reason for AUB and typically undergo regression following menopause [1]. Adenomyosis with leiomyoma is a common occurrence in perimenopausal women, and in certain cases, it may be associated with additional endometrial lesions and endometrial hyperplasia [5, 6]. In clinical practice, it is simple to misdiagnose adenomyosis as uterine leiomyoma due to their comparable clinical symptoms and signs [6]. The surgical excision of a uterine leiomyoma is relatively straightforward, as it is a well-circumscribed mass that is clearly distinguished from the contiguous myometrium by a pseudocapsule [6]. 
In contrast, an ill-defined area in which the myometrium is interspersed with endometrial ducts and stroma is characterised by adenomyosis [7], rendering complete excision through surgery challenging or even impossible. Consequently, the sole effective remedy for adenomyosis is hysterectomy. In contrast, the majority of leiomyomas exhibit well-circumscribed lesions with homogenous hypointensity [7]. It is essential to accurately distinguish between these two conditions prior to surgery for patients who wish to preserve their fecundity or for those who require amyomectomy.
The sonographic criteria of irregular endometrial-myometrial junction (junctional zone, JZ) with marked thickness, as depicted on the coronal view of 3D transvaginal ultrasonography (3D TV-US), have been demonstrated to have an excellent diagnostic performance, especially in initial adenomyosis detection. This is predicated on the sensible hypothesis that adenomyosis is the result of the infiltration of endometrial tissue into the myometrium through the JZ [8, 9].
The differentiation between leiomyomas and adenomyosis is facilitated by power doppler ultrasound, as the vasculature of the former typically encircles the mass [10].
The aim was to detect the role of complex ultrasound and power doppler indices in correlation with histopathology to differentiate adenomyosis and fibroid uterus.
[bookmark: _Hlk535793804][bookmark: _Hlk2170686]Patients and Methods: 
This prospective clinical cohort study was carried out on 102 cases scheduled for hysterectomy (abdominal, laparoscopic or vaginal) as a result of uterine masses (fibroids or adenomyosis). The cases provided written consent that was informed. The study was conducted with the sanction of the Ethical Committee of Benha University Hospitals.
Inclusion criteria included patients with clinical symptoms of AUB with or without lump abdomen, dysmenorrhea, chronic pelvic pain and asymptomatic patients who discovered the mass accidentally. Exclusion criteria were pregnant cases, fertility-seeking cases, who were managed medical or conservative, cases conditions that undergo treatment within 2-3 months of procedure, diagnosed cases of AUB and chronic pelvic pain as a result of other causes, such as cervix cancer, DUB, polyps, and endometrial carcinoma.
Ultrasound examination was performed using GE Voluson p8. The patients were asked to take supine positions, and we did Transabdominal and Transvaginal ultrasound and uterine artery Doppler. The scan was conducted by a single ultrasound operator in order to prevent inter-observer variability.
The technique of 3D TV-US begins with optimizing the 2D image, followed by selecting the region of interest and acquiring a volume dataset. This modality provides detailed information regarding lesion characteristics, including lesion size and volume, as well as vascular index (VI), vascular location, flow index (FI), and vascular-flow index (VFI). In addition, Colour Doppler is employed to conduct uterine artery Doppler velocimetry in the 2D mode. The uterine arteries' ascending primary branches are measured in a longitudinal plane before they enter the uterus. Flow velocity waveforms are obtained from the right and left sides of the cervix. Upon the acquisition of an optimal waveform, the resistance index (RI) and pulsatility index (PI) of the uterine arteries are automatically computed.
Sample Size Calculation:
The sample size was obtained through results from OpenEpi, version3 open – source calculator-SSMean [11], Where the least sample size is 102 participants.
Statistical analysis 
Statistical analysis was assessed by SPSS version 26 (IBM Inc., Armonk, NY, USA). Data normality was detected by the Shapiro–Wilk test and histograms. Quantitative parametric variables were reported as mean ± standard deviation (SD) and assessed by the unpaired Student’s t-test, while non-parametric variables were expressed as median and interquartile range (IQR) and compared by the Mann–Whitney U test. Qualitative variables were reported as frequencies and percentages (%) and assessed by the Chi-square test or Fisher’s exact test as appropriate. Receiver Operating Characteristic (ROC) curve analysis was employed to assess the diagnostic performance of 3D power Doppler indices (VI, FI, VFI) and uterine artery Doppler indices (PI and RI) in differentiating adenomyosis from fibroid uterus, using histopathology as the reference standard, with detection of area under the curve (AUC), optimal cutoff values (Youden index), specificity, sensitivity, positive predictive value (PPV), and negative predictive value (NPV). A two-tailed P value ≤ 0.05 was regarded as statistically significant.
[bookmark: _Ref85388697][bookmark: _Ref85388685]Results:
The mean age was comparable among both groups, indicating statistically insignificant difference. Similarly, the distribution of clinical presentation did not differ significantly among both groups. Table 1
Table 1: Comparison of demographic profile and clinical presentation among groups
	
	Adenomyosis (n=45)
	Fibroid (n=57)
	P value

	Age (years)
	43.93 ± 6.14
	43.12 ± 6.08
	0.507

	Clinical Presentation

	AUB
	12 (26.7%)
	14 (24.6%)
	0.910

	AUB & Dysmenorrhea
	10 (22.2%)
	11 (19.3%)
	

	Pelvic Pain
	9 (20.0%)
	11 (19.3%)
	

	Lump Abdomen
	6 (13.3%)
	12 (21.1%)
	

	Incidental
	8 (17.8%)
	9 (15.8%)
	


Values reported as mean ± SD or number (%); AUB: Abnormal Uterine Bleeding.
Fibroid lesions were significantly larger in both size and volume compared to adenomyosis (p < 0.001). Vascular distribution differed markedly between groups, with adenomyosis demonstrating predominantly central vascularity, while fibroids showed mainly peripheral vascularity (p < 0.001). VI and VFI were significantly higher in adenomyosis (p < 0.001). Among both groups statistically insignificant difference regarding FI was observed. Table 2
Table 2: Comparison of lesion characteristics and 3d power doppler indices among the studied population
	
	Adenomyosis (n=45)
	Fibroid (n=57)
	P value

	Lesion Size (cm)
	5.11 ± 0.55
	7.58 ± 1.09
	<0.001*

	Lesion Volume (cm³)
	77.42 ± 24.31
	290.81 ± 117.88
	<0.001*

	Vascular Location

	Central
	32 (71.1%)
	0 (0%)
	<0.001*

	Peripheral
	0 (0%)
	40 (70.2%)
	

	Mixed
	13 (28.9%)
	17 (29.8%)
	

	VI
	0.41 ± 0.02
	0.30 ± 0.03
	<0.001*

	FI
	0.36 ± 0.02
	0.35 ± 0.02
	0.296

	VFI
	0.15 ± 0.02
	0.11 ± 0.02
	<0.001*


Values reported as mean ± SD or number (%); FI: Flow Index; VI: Vascularization Index; VFI: Vascularization Flow Index; *: significant as P value < 0.05.
The adenomyosis cases exhibited substantially higher uterine artery Doppler indices (PI and RI, right and left) than the fibroid cases (p < 0.001). Table 3
Table 3: Comparison of uterine artery doppler indices among groups
	
	Adenomyosis (n=45)
	Fibroid (n=57)
	P value

	PI R
	1.08 ± 0.04
	0.91 ± 0.05
	<0.001*

	PI L
	1.06 ± 0.06
	0.93 ± 0.06
	<0.001*

	RI R
	0.55 ± 0.02
	0.44 ± 0.02
	<0.001*

	RI L
	0.54 ± 0.03
	0.46 ± 0.02
	<0.001*


Values reported as mean ± SD; R: Right uterine artery; PI: Pulsatility Index; RI: Resistance Index; L: Left uterine artery; *: significant as P value < 0.05.
Histopathological examination confirmed 45 cases (44.1%) of adenomyosis and 57 cases (55.9%) of fibroid uterus. Table 4
Table 4: Distribution of Cases According to Histopathological Diagnosis
	
	Count
	Percentage

	Adenomyosis
	45
	44.1%

	Fibroid
	57
	55.9%


VI and RI R demonstrated perfect diagnostic performance (AUC = 1.000) with 100% sensitivity and specificity. VFI, PI R, PI L, and RI L also showed excellent discriminatory ability with high sensitivity and specificity. In contrast, FI showed poor diagnostic accuracy (AUC = 0.567) and was not statistically significant (p = 0.246). Figure 1
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Figure 1: ROC curve of uterine artery doppler and 3D power doppler indices in differentiating adenomyosis from fibroid uterus.
Discussion
[bookmark: _Hlk535994018]Among the most common gynecological conditions in females of reproductive age is AUB, which is notably prevalent during the perimenopausal period [12, 13]. The condition may arise from hormonal disturbances or structural uterine abnormalities, including both benign and malignant lesions [14]. Among the structural causes, benign myometrial disorders are frequently encountered and may lead to considerable morbidity. In particular, adenomyosis and uterine leiomyoma are recognized as two of the most common etiologies of AUB [15, 16].
In this study, histopathological examination confirmed 45 cases (44.1%) of adenomyosis and 57 cases (55.9%) of fibroid uterus
This aligned with Mahale et al. [14] who demonstrated that 41 out of a total of 60 cases were diagnosed clinically with uterine fibroid (US assessed 36 participants, and 5 participants unconfirmed). 37 out of 41 were histopathology confirmed. Of the 19 participants that were diagnosed clinically with adenomyosis, 15 participants were histopathology confirmed.
In our investigation, fibroid lesions were significantly larger in both size and volume compared to adenomyosis. Vascular distribution differed markedly between groups, with adenomyosis demonstrating predominantly central vascularity, while fibroids showed mainly peripheral vascularity. VI and VFI were significantly elevated in adenomyosis. FI, however, did not show a statistically significant difference among both populations.
This was consistent with Pongpunprut et al. [17] discovered that the mean uterine volume was considerably higher in the fibroid cases in comparison to the adenomyosis cases, and it was larger in the adenomyosis cases in comparison to the normal myometrium cases.
In the same regard, Ahmad [18] documented that a control group was established by collecting cases that did not exhibit ultrasound-detected pathology (273), while the adenomyosis group was established by collecting cases that only showed adenomyosis ultrasonographic features by 2DTVS (148). They reported that myometrial volume and thickness were elevated in adenomyosis cases than controls. VFI, VI, and FI were elevated in the adenomyosis cases than controls.
According to our study, all uterine artery Doppler indices (PI and RI (right and left)) were significantly elevated in adenomyosis cases in comparison to fibroid cases.
This agreed with Mahale et al. [14] who demonstrated PI and RI were significantly elevated in the adenomyosis cases in comparison to the leiomyoma cases.
Likewise, Ciarmela et al. [19] noted that PI and RI are elevated in cases with adenomyosis in comparison to cases with uterine fibroids. Conversely, Elkattan et al. [20] showed that PI and RI were insignificant between fibroid and adenomyosis.
Our results showed that VI and RI R demonstrated perfect diagnostic performance in differentiating adenomyosis from fibroid uterus (AUC = 1.000) with 100% sensitivity and specificity. VFI, PI R, PI L, and RI L also showed excellent discriminatory ability with high sensitivity and specificity. In contrast, FI showed poor diagnostic accuracy (AUC = 0.567) and was not statistically significant.
In the same context, Mahale et al. [14] also demonstrated that the ROC Curve had an AUC= 0.85 (95% CI 0.59-1.00) with a significance of P=0.02, in the same context. A flawless exam was represented by an area of 1. This implies that USG findings may be a valuable diagnostic instrument for leiomyoma. The ROC Curve, with a significance of P=0.01, established an AUC= 0.88 (95% CI 0.68-1.00), implying that the results of the USG would be a dependable test for the precise identification of adenomyosis.
In line with our findings, Elkattan et al. [20] reported that 3D power Doppler is capable of distinguishing between adenomyomas and fibroids. Nevertheless, the Doppler imaging of the uterine arteries is unable to distinguish between adenomyomas and fibroids.
Limitations: The limited sample size; the single center design, a control group was not incorporated into the investigation.
Conclusions:
Combined ultrasound and power Doppler assessment provides useful diagnostic differentiation between adenomyosis and uterine fibroids. Fibroids tend to be larger with predominantly peripheral vascularity, while adenomyosis shows mainly central vascularity. VI, VFI, PI and RI are significantly higher in adenomyosis.
Financial support and sponsorship: Nil
Conflict of Interest: Nil
References:
1. Munro MG, Critchley HO, Broder MS, Fraser IS, Disorders FWGoM. FIGO classification system (PALM-COEIN) for causes of abnormal uterine bleeding in nongravid women of reproductive age. International Journal of Gynecology & Obstetrics. 2011;113:3-13.
2. Chapron C, Vannuccini S, Santulli P, Abrão MS, Carmona F, Fraser IS, et al. Diagnosing adenomyosis: an integrated clinical and imaging approach. Human reproduction update. 2020;26:392-411.
3. Taran FA, Wallwiener M, Kabashi D, Rothmund R, Rall K, Kraemer B, et al. Clinical characteristics indicating adenomyosis at the time of hysterectomy: a retrospective study in 291 patients. Archives of gynecology and obstetrics. 2012;285:1571-6.
4. CIRSE. CIRSE 2017. Cardiovasc Intervent Radiol. 2017;40:25-412.
5. Vannuccini S, Petraglia F. Recent advances in understanding and managing adenomyosis. F1000Research. 2019;8:F1000 Faculty Rev-283.
6. Johnatty SE, Stewart CJ, Smith D, Nguyen A, O’Dwyer J, O’Mara TA, et al. Co-existence of leiomyomas, adenomyosis and endometriosis in women with endometrial cancer. Scientific reports. 2020;10:3621.
7. Moghadam R, Lathi RB, Shahmohamady B, Saberi NS, Nezhat CH, Nezhat F, et al. Predictive value of magnetic resonance imaging in differentiating between leiomyoma and adenomyosis. JSLS: Journal of the Society of Laparoendoscopic Surgeons. 2006;10:216.
8. Exacoustos C, Brienza L, Di Giovanni A, Szabolcs B, Romanini M, Zupi E, et al. Adenomyosis: three‐dimensional sonographic findings of the junctional zone and correlation with histology. Ultrasound in Obstetrics & Gynecology. 2011;37:471-9.
9. Kepkep K, Tuncay Y, Göynümer G, Tutal E. Transvaginal sonography in the diagnosis of adenomyosis: which findings are most accurate? Ultrasound in Obstetrics and Gynecology: The Official Journal of the International Society of Ultrasound in Obstetrics and Gynecology. 2007;30:341-5.
10. Perrot N, Frey I, Mergui JL, Bazot M, Uzan M, Uzan S. Adenomyosis: power Doppler findings. Ultrasound in Obstetrics and Gynecology: The Official Journal of the International Society of Ultrasound in Obstetrics and Gynecology. 2001;17:177-8.
11. Lu Y, Di Giacinto B. Physical Principles and Imaging Techniques of Ultrasound Elastography. Elastography-Current Insights and Applications: Current Insights and Applications. 2025:7.
12. Nelson AL. Abnormal vaginal bleeding during the early reproductive years. In: Shoupe D, editor. Handbook of Gynecology. Cham: Springer International Publishing; 2023. p. 261-82.
13. Dreisler E, Frandsen CS, Ulrich L. Perimenopausal abnormal uterine bleeding. Maturitas. 2024;184:107944.
14. Mahale N, V S, Mahale A, Ullal S, Fernandes M, Prabhu S. Role of ultrasound with doppler in differentiating clinically suspected cases of leiomyoma and adenomyosis of uterus. F1000Research. 2025;14:178.
15. Santulli P, Vannuccini S, Bourdon M, Chapron C, Petraglia F. Adenomyosis: the missed disease. Reproductive BioMedicine Online. 2025;50:104837.
16. Lonky NM, Chiu V, Portugal C, Estrada EL, Chang J, Fischer H, et al. Adenomyosis in women undergoing hysterectomy for abnormal uterine bleeding associated with uterine leiomyomas. PLOS ONE. 2023;18:e0294925.
17. Pongpunprut S, Panburana P, Wibulpolprasert P, Waiyaput W, Sroyraya M, Chansoon T, et al. A comparison of shear wave elastography between normal myometrium, uterine fibroids, and adenomyosis: A cross-sectional study. Int J Fertil Steril. 2022;16:49-54.
18. Ahmad RA-a. Three-dimensional transvaginal ultrasonographic and power doppler features of adenomyosis: Are they related to symptoms? Evidence Based Women's Health Journal. 2019;9:447-57.
19. Ciarmela P, Delli Carpini G, Greco S, Zannotti A, Montik N, Giannella L, et al. Uterine fibroid vascularization: From morphological evidence to clinical implications. Reprod Biomed Online. 2022;44:281-94.
20. Elkattan E, Kamel R, Elghazaly H, ElAriki E. Can three-dimensional (3d) power doppler and uterine artery doppler differentiate between fibroids and adenomyomas? Middle East Fertil Soc J. 2016;21:46-51.

2
image1.png
Sensitivity

100

80

60

20

VI (AUC = 1.000)
FI (AUC = 0.567)
VFI (AUC = 0.891)

Uterine Artery PI R (AUC
Uterine Artery PI L (AUC
Uterine Artery RI R (AUC
Uterine Artery RI L (AUC =

0.996)
0.943)
1.000)
.999)

60 80 100

100 - Specificity





