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Purpose: Intravenous leiomyomatosis (IVL) is a rare histological variant of uterine leiomyoma characterized by benign smooth
muscle cells proliferating within the venous system. Despite its benign histology, IVL exhibits “quasi-malignant” behavior through
intravascular extension, often leading to misdiagnosis as venous thrombosis or malignancy.

Case Presentation: We report two cases of uterine leiomyoma complicated by IVL. In Case 1, a 42-year-old woman with initially
suspected iliac vein and inferior vena cava (IVC) thrombosis underwent contrast-enhanced computed tomography (CT), which
demonstrated a continuous tumor extending from the uterus through the left ovarian vein and IVC into the right atrium. Based on
the characteristic imaging findings and multidisciplinary evaluation, the preliminary clinical diagnosis of IVL was established and
a one-stage combined surgery involving total hysterectomy, excision of the venous tumor, and cardiac resection under extracorporeal
circulation was successfully performed. In Case 2, a 43-year-old woman with a history of myomectomy presented with broad ligament
leiomyoma and intravascular extension into the iliac vein and IVC. The imaging appearance similarly raised strong suspicion for IVL
rather than thromboembolic disease. The patient underwent total hysterectomy with bilateral adnexectomy and vascular reconstruction
to remove the intraluminal tumor. Histopathology in both cases confirmed IVL. No recurrence was observed during the 22-month and
12-month follow-up periods, respectively.

Conclusion: These cases highlight the importance of considering IVL in women presenting with uterine masses and unexplained
venous filling defects. Recognition of characteristic CT findings, particularly continuous intravascular extension along venous
anatomy, is essential for differentiating IVL from deep vein thrombosis (DVT) and leiomyosarcoma. Early multidisciplinary
assessment and complete surgical resection are critical for successful management and favorable long-term outcomes.
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Introduction

Uterine leiomyomas are the most common tumors in women, with an age-standardized prevalence of approximately
2841.07 per 100,000 population (95% CI, 2164.43-3682.27) and an age-standardized incidence of 250.93 per 100,000
population (95% CI, 183.44-330.94) worldwide in 2021." Clinical manifestations range from asymptomatic disease to
abdominal pain, menorrhagia, and infertility. Although most uterine leiomyomas are confined to the uterus and follow
a benign clinical course, a rare subgroup of smooth muscle tumors exhibits distinct quasi-malignant behaviors.> Among
these, intravenous leiomyomatosis (IVL) is a rare entity characterized by intravascular extension of uterine leiomyomas
into the pelvic veins, inferior vena cava (IVC), right atrium, and occasionally the pulmonary arteries.> Due to its rarity
and insidious clinical presentation, IVL is frequently misdiagnosed as intravenous thrombosis or leiomyosarcoma,®
which may lead to misguided therapeutic strategies. Herein, we report two cases of uterine leiomyoma complicated by
IVL, emphasizing the critical role of preoperative imaging and multidisciplinary evaluation.
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Case Presentation

Case |

A 42-year-old woman (G3P3) presented with menstrual irregularities and menorrhagia. She was initially diagnosed with
uterine leiomyomas, with an incidental finding of suspected IVC and iliac vein thrombosis identified via ultrasound at
a local hospital. She was subsequently referred to our gynecology department for further evaluation. The patient reported
no symptoms such as chest tightness, palpitations, or dyspnea. Physical examination revealed no lower extremity
swelling, with normal muscle strength and tone, and no localized tenderness. Pelvic examination revealed
a significantly enlarged, firm, and irregularly shaped uterus, with a palpable mass in the left adnexal region. There
was no family history of thromboembolism, and common causes for venous thrombosis were ruled out through clinical
history and laboratory screening, including normal coagulation profiles. Contrast-enhanced computed tomography (CT)
revealed hypodense space-occupying lesions within the myometrium and left adnexal region, extending along the left
ovarian vein, left renal vein, and IVC, ultimately progressing into the right atrium (Figure 1A and B).

Given the complexity of the case, a multidisciplinary team (MDT) involving gynecologists, vascular surgeons,
cardiac surgeons, and radiologists was convened. After a thorough review of the clinical symptoms and the characteristic
filling defects on contrast-enhanced CT, a preliminary diagnosis of uterine leiomyoma complicated by IVL with cardiac
involvement was established. Consequently, anti-coagulant therapy was intentionally withheld to avoid unnecessary
bleeding hazards, and the patient was scheduled directly for a one-stage synchronized surgical resection. A coordinated
surgical plan was devised to ensure complete tumor resection. Intraoperatively, a large, firm uterine tumor was observed
in the pelvic cavity, characterized by distinct margins and an absence of adhesion or infiltration into the surrounding
tissues. The tumor mass extended along the left ovarian vein, the left renal vein, and the IVC, ultimately reaching the
right atrium. During the procedure, the gynecological team performed a total hysterectomy and left salpingectomy. The
vascular surgeons resected the intravascular tumor extension from the left ovarian vein to the left renal vein, isolated the
IVC, and achieved vascular control using proximal and distal occlusion tapes. Simultaneously, cardiac surgeons
performed a median sternotomy, established cardiopulmonary bypass, and conducted a right atriotomy. The tumor

Figure | Imaging and pathological findings of case I. (A) Coronal CT showing the uterine leiomyoma (white arrow) and intravenous leiomyomatosis (white arrowhead). (B)
Volume rendering technique (VRT) image clearly demonstrating the intravascular course of the tumor. (C) Gross appearance of the resected tumor specimen. (D)
Histopathological examination of the tumor (Hematoxylin and eosin stain; magnification, x100).
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components within the right atrium and IVC were bluntly dissected and mobilized, then completely extracted through the
IVC incision (Figure 1C).

Postoperative histopathological examination of the resected uterus, pelvic masses, and the intravascular tumor
components—retrieved from the ovarian vein, inferior vena cava, and right atrium—consistently revealed spindle-
shaped tumor cells arranged in intersecting fascicles with a woven pattern. These cells were characterized by abundant
eosinophilic cytoplasm and an absence of necrosis, with numerous surrounding venous channels of varying luminal sizes
and wall thicknesses observed (Figure 1D). Immunohistochemical (IHC) staining showed that the tumor cells were
positive for estrogen receptor (ER) and desmin (Des), while CD34 was negative in the tumor cells. These findings
confirmed the final diagnosis of IVL. The patient underwent regular clinical and imaging surveillance and remained free
of recurrence during the 22-month postoperative follow-up period.

Case 2

A 43-year-old woman (G4P4) presented with a 3-month history of abdominal discomfort and lumbar distension. Her
surgical history included a laparotomy for ovarian teratoma and uterine myomectomy 10 years prior, followed by the
excision of a broad ligament leiomyoma at another institution 14 months prior to admission. Physical examination
revealed a firm, relatively immobile, non-tender mass measuring approximately 10 cm in the left adnexal region, with
well-defined margins. No abnormalities were noted in the right adnexa. Pelvic ultrasonography demonstrated a large left
broad ligament leiomyoma (12.6 X 9.4x9.9 cm) and a concomitant uterine leiomyoma. However, subsequent contrast-
enhanced CT revealed intravascular filling defects extending into the internal iliac vein, the left common iliac vein, and
the IVC (Figure 2A-D), in addition to the uterine masses. Recalling our experience with the first case, these clinical and
imaging features immediately triggered a high index of clinical suspicion for IVL. Following the exclusion of common
thromboembolic risk factors through systematic laboratory screening, which showed no evidence of a hypercoagulable
state, the diagnosis of IVL was further solidified based on these characteristic radiological hallmarks.

Following MDT consultation, a one-stage combined surgical approach was undertaken. Intraoperatively, a 12-cm
irregular, firm mass was identified in the uterus and the left broad ligament, with partial adhesions to the rectum and
mesentery. Additionally, an elongated, mobile tumor with distinct margins was palpated within the left iliac vein and the
IVC. First, urologists prophylactically placed a left ureteral stent, followed by the gynecological team performing
a transabdominal total hysterectomy and bilateral salpingo-oophorectomy. Vascular surgeons subsequently resected the
extrauterine pelvic tumor mass, bluntly dissected the left common iliac vein, performed a venotomy to extract the

Figure 2 Contrast-enhanced CT findings of case 2. (A) A giant leiomyoma involving the uterus and the left broad ligament (white arrow). (B) Intravascular extension of the
tumor into the left internal iliac vein, common iliac vein, and inferior vena cava (white arrowhead). (C and D) Coronal (C) and sagittal (D) views showing the uterine and
broad ligament leiomyomas (white arrow) and the intravenous leiomyomatosis (white arrowhead). (E) Schematic illustration of the two primary pathways of leiomyoma
extension into the venous system: the iliac vein (arrow) and the ovarian vein (arrowhead).
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intraluminal tumor extension, and completed a primary venous repair. Postoperative histopathological analysis confirmed
the diagnosis of uterine and broad ligament leiomyomas concomitant with IVL. The patient experienced an uneventful
recovery and remained free of recurrence during the 12-month postoperative follow-up period.

Discussion

In this report, we present two cases of uterine leiomyoma presenting with intravascular filling defects, which were
ultimately confirmed as IVL via histopathological examination. In clinical practice, the rarity of IVL poses a significant
diagnostic challenge, as it often mimics more common conditions.

The primary differential diagnosis includes extensive deep vein thrombosis (DVT) and primary intravenous leio-
myosarcoma. DVT is frequently the initial suspicion; however, it is typically associated with Virchow’s triad (venous
stasis, endothelial injury, and hypercoagulability).” Radiologically, IVL can be distinguished by its mild-to-moderate
enhancement on contrast-enhanced CT, whereas thrombi typically show no enhancement. Furthermore, IVL often
exhibits a characteristic “floating sign” within the vessel lumen without adhering to the vein wall, a feature seldom
observed in thrombi.

Distinguishing IVL from intravenous leiomyosarcoma is also crucial. While both entities may show enhancement,
leiomyosarcoma is typically more aggressive, characterized by vessel wall destruction and invasion of adjacent tissues. In
contrast, IVL follows the venous anatomy smoothly, even when extending into the right heart. For patients presenting
with right atrial masses, the longitudinal continuity of the lesion—extending from the iliac or renal veins through the IVC
—is a pathognomonic sign that helps clinicians rule out primary cardiac tumors, such as myxomas. Recognizing these
radiological patterns at an early stage is paramount for optimizing surgical intervention and patient outcomes.

Intravenous leiomyomatosis (IVL) is a rare variant of uterine leiomyoma, accounting for approximately 0.097% of all
cases.® Affected patients typically have a history of uterine leiomyomas or prior uterine surgeries, such as hysterectomy
or myomectomy,” with a median age at diagnosis of approximately 46 years (range: 21-81 years).® Although histolo-
gically benign, IVL demonstrates biologically aggressive, quasi-malignant behavior due to its propensity for profound
intravascular extension.’ Yin et al'® elucidated the pathological and molecular features of IVL through an integrative
multi-omics analysis. Their study revealed that, compared to normal myometrium and typical uterine fibroids, IVL
exhibits a higher degree of fibrosis and hyalinization, poorer vascular supply, and altered vascular morphology. At the
molecular level, IVL is further characterized by the dysregulation of focal adhesion, actin cytoskeleton alterations, and
chromosome 10q deletions. '

The clinical manifestations of IVL are highly variable and depend on the extent of venous involvement, ranging from
asymptomatic discovery to severe complications such as syncope, heart failure, or sudden death.'' Consequently, precise
preoperative mapping of the lesion’s extent is paramount for tailoring surgical strategies and evaluating prognosis. To
standardize treatment planning, Wen et al proposed a staging system based on the cephalad extent of tumor involvement:
Stage I involves tumors confined to the pelvic veins (including uterine, parametrial, iliac, or renal veins) without IVC
involvement; Stage II involves extension into the IVC but not the heart; Stage I1I involves extension into the right atrium
or ventricle without reaching the pulmonary arteries; and Stage IV involves extension into the pulmonary vasculature.'?
This staging framework provides clinicians with a standardized approach to assess disease severity, select optimal
surgical interventions, and anticipate potential intraoperative risks.

Computed tomography (CT) offers distinct advantages in the evaluation of IVL due to its rapid acquisition, high
spatial resolution, and versatile post-processing techniques. Advanced tools such as multiplanar reconstruction (MPR),
curved planar reconstruction (CPR), and volume rendering (VR) provide comprehensive anatomical visualization, which
is essential for precise preoperative assessment. Contrast-enhanced CT plays a pivotal role in delineating lesion
morphology and its complex spatial relationship with the vasculature, thereby facilitating meticulous surgical planning.
Characteristically, IVL presents on CT as a large uterine or adnexal mass associated with continuous, low-attenuation
intraluminal filling defects. These lesions typically extend from the pelvic veins (ovarian, iliac, or renal) into the IVC
(Figure 2E), and may further progress into the right heart chambers or, in rare instances, the pulmonary arteries.

Complete surgical resection remains the primary therapeutic objective of IVL management."® The clinical signifi-
cance of resection completeness was underscored by Wen et al,'> who reported a recurrence rate of 9.7% (18/185)
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following complete resection during a mean follow-up of 26.3 months (range, 1-210 months), compared to
a significantly higher disease progression rate of 39.0% (12/31) among those with incomplete resection. Therefore,
a preoperative multidisciplinary evaluation—comprising cardiothoracic, vascular, gynecologic, urologic, and radiologic
specialists—is imperative. Such an integrative approach, coupled with seamless intraoperative collaboration, is essential
for achieving radical tumor extirpation while minimizing perioperative complications, particularly in complex cases with
extensive vascular and cardiac involvement.'* For young, nulliparous patients without extrauterine vascular involvement,
conservative surgery may be considered as a temporary measure; however, rigorous postoperative monitoring is
mandatory to ensure early detection and surgical resection of any potential recurrence. For patients with recurrent
disease or extensive involvement of major extrauterine vessels and the heart, total hysterectomy and bilateral salpingo-
oophorectomy are strongly recommended—even for those who have not yet given birth—to minimize recurrence and
prolong survival. Furthermore, anti-estrogen therapy serves as a critical alternative for IVL patients who are ineligible for
surgery, or those presenting with postoperative tumor residuals or recurrence.'” Given the potential for late recurrence,
life-long and regular postoperative imaging surveillance is strongly recommended to ensure early detection.'® Clinical
evidence suggests regular imaging surveillance every 3—6 months for the first two years postoperatively, followed by
annual check-ups. Contrast-enhanced CT of the chest, abdomen, and pelvis is the preferred modality. In cases where CT
is unavailable, a combination of transvaginal, transanal, and abdominal ultrasound should be utilized to monitor the
retroperitoneal and pelvic spaces.®

Conclusion

In conclusion, IVL is a rare entity that frequently mimics deep vein thrombosis or intravenous leiomyosarcoma. Our
cases underscore that an accurate preoperative diagnosis relies on a high index of clinical suspicion and the recognition
of characteristic radiological patterns. Early differentiation is crucial as it directly dictates the surgical strategy.
A multidisciplinary approach is essential for optimized staging and perioperative management. To minimize recurrence,
standard treatment should involve a total hysterectomy and bilateral salpingo-oophorectomy, combined with the radical
resection of all intravascular and intracardiac tumor extensions.'’

Registration of Research Studies
Registration of research is not applicable in our study.
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IVL, intravenous leiomyomatosis; CT, computed tomography; IVC, inferior vena cava; MDT, multidisciplinary team;
IHC, immunohistochemical; ER, estrogen receptor; Des, desmin; MPR, multiplanar reconstruction; CPR, curved planar
reconstruction; VR, volume rendering.
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