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Abstract
Introduction: Renal cell carcinoma (RCC) is one of the most common types of kidney cancer. While RCC
tends to present as a localized tumor, a notable proportion may present with distant metastasis. In some
instances, RCC may also present with intravascular tumor extension, often called tumor thrombus (TT). Its
presence confers a worse prognosis and has important implications for the tumor's staging and treatment.
Despite extensive documentation of RCC TT in the US, limited data exists regarding its presentation,
management, and outcomes in Puerto Rico (PR). This study aims to broaden the available information on
RCC TT, emphasizing surgical management and outcomes. We also provide descriptive data on patient
demographics and clinical presentation to improve decision-making among clinicians caring for Puerto
Rican men and women.

Methods: In this single-center, retrospective study, we evaluated patients who underwent partial or total
nephrectomy at Saint Luke's Episcopal Medical Center between 2018 and 2022. Data was abstracted from
electronic health records (EHR). Patients without documented evidence of TT during the peri-operative
period were excluded from the study. A total of 220 patient records were evaluated, of which 12 met the
inclusion criteria for the study. Cases were categorized using the latest RCC TT guidelines. Central tendency
measurements were used to describe the sample distribution. The mean was considered to make
assumptions regarding the prevalent observations, and the median was considered to rule out possible
outliers. Categorical data were evaluated using proportion analyses, including TT extension level and BMI
variables. Fisher’s exact test evaluated the association between the World Health Organization/International
Society of Urological Pathology (WHO/ISUP) grade and TT extension level.

Results: Most patients lacked TT-related symptoms. The most severe presenting symptom was a pulmonary
embolism (8.3%). Hypertension (83.3%), BMI greater than 25 at the time of diagnosis (75%), and type 2
diabetes mellitus (66.7%) were the most common comorbid conditions within our cohort. Nearly 75%
of patients underwent laparoscopic radical nephrectomy with TT resection. One left-sided level III case was
managed by laparoscopic-assisted open radical nephrectomy with a right subcostal incision. There were zero
intraoperative complications and two postoperative complications. The histopathological reports of all cases
were consistent with clear cell carcinoma, and half of the cases (n=6) were WHO/ISUP G4. All patients are
alive and free of disease.

Conclusion: RCC is a common renal neoplasm in PR that can present with intravascular tumor
extension. Our findings do not establish a definitive association between BMI, tumor size, WHO/ISUP
grading, and TT extension level. Our study shows that laparoscopic removal of RCC TT is a safe and
effective approach. However, the generalizability of our findings is limited by the study's design and sample
size. Future research should focus on identifying predictive markers, establishing effective screening
protocols, and determining if our hybrid approach has comparable outcomes to the standard open approach.
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Introduction
Renal cell carcinoma (RCC) is the most prevalent form of kidney cancer. As of 2020, RCC exhibited a global
annual incidence of 400,000 new cases diagnosed and a 5-year survival rate of 77.6% [1-3]. Significant risk
factors for RCC development include hypertension, obesity, dialysis in acquired cystic disease patients and
smoking, contributing to a more advanced disease state [4-7]. Clear-cell carcinoma is the most common RCC
subtype, accounting for 75% of all cases [8]. Most RCC cases present as localized neoplasms, although 30% of
patients present with distant metastases in lymph nodes, lungs, liver, and bone [9]. While uncommon, RCC
can occasionally manifest with intravascular tumor extension, known as a tumor thrombus (TT). The
prevalence of RCC venous TT is approximately 13.3%, with renal vein involvement occurring in 10-18% of
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cases, inferior vena cava (IVC) involvement in 4-23% of cases, and right atrium involvement in 1% of cases
[10-13]. Symptoms associated with RCC TT presentation include varicocele, lower extremity swelling,
cardiac dysfunction, pulmonary embolism, or Budd-Chiari syndrome. However, in some instances, TT may
remain asymptomatic and only be incidentally discovered through imaging [14-18]. Despite extensive
documentation of RCC TT in the US, limited information exists regarding its presentation, management, and
outcomes in Puerto Rico (PR). Therefore, this study aims to describe twelve RCC TT cases in the southern
region of PR to investigate whether the presentation, management, and outcomes of RCC TT align with
established literature. The study focuses on increasing the available information concerning this severe RCC
complication to improve surgical management and survival outcomes in PR.

Materials And Methods
Patient selection
Approval from the Institutional Review Board (IRB) was obtained before the initiation of the study (IRB
number: 2205104830) from the Ponce Research Institute. The initial inclusion criteria in our single-site
retrospective study were patients who were > 21 years of age and had undergone partial or radical
nephrectomy at St. Luke’s Episcopal Medical Center (Ponce, PR) from 2018 to 2022. This initial criterion
identified a total of 220 patients. We then refined our inclusion criteria to only those with RCC, which
required us to review each patient's pathological report to exclude other neoplasms such as sarcoma,
oncocytoma, and urothelial carcinoma. This resulted in a cohort of 189. Subsequent refinement of our
selection criteria, which involved excluding patients with localized kidney neoplasms and confirming
intravascular extension through pathological reports and intra/post-operative notes, yielded a final cohort
of 12 cases.

Surgical description
Cases classified as levels 0-II were managed through a standard laparoscopic approach. In Level 0 cases,
vascular staplers were utilized for renal vein transection. Conversely, cases classified as level I and above
necessitated thrombectomy and transection at the junction of the IVC and the renal vein, followed by
primary closure of the venotomy.

Left-Sided Level III TT Without IVC Exploration

A chevron incision was employed to access the abdomen, and medial mobilization of the colon was
conducted to expose the left kidney. The renal hilum was dissected, and the duodenum was then kocherized
to access the IVC. Subsequently, the renal artery was transected, followed by the ureter, while the renal vein
was preserved and freed from surrounding structures. After ensuring hemostasis, the vascular team joined
the case for the dissection of the IVC.

The IVC TT was identified and moved (milked) cephalad into the renal vein. The IVC was then clamped
caudally for proximal control, and a venotomy was performed in the renal vein at the junction with the IVC.
The venotomy was primarily closed, and the specimen was removed en bloc and sent to pathology. 

Left-Sided Level III With IVC Exploration

Two 5 mm trocars were placed in the right subcostal margin at the level of the mid-clavicular line and
anterior mid-axillary line, and a 10 mm trocar was placed in the left lower quadrant. The colon was reflected
medially, and the kidney was dissected from surrounding structures. The ureter and gonadal vein were
transected first, followed by the renal artery, with the renal vein preserved. At this juncture, the vascular
surgery team joined the case for the dissection of the IVC.

The procedure was then converted to an open approach by connecting both subcostal trocar incisions. The
steps to achieve proximal control of the IVC mirrored those described in the previous case. After securing
proximal vascular control, a venotomy was performed in the renal vein at the junction with the
IVC. Resistance was encountered while attempting to remove the TT, necessitating further exploration of
the IVC. 

The IVC was dissected circumferentially up to the confluence of the hepatic veins, and the TT was found to
extend into the supra-hepatic IVC. Vessel loops were placed around the infra-hepatic IVC and right renal
vein, and the caudate lobe of the liver was mobilized. The TT was then moved (milked) caudally into the
infra-hepatic IVC, and a vascular clamp was placed cephalad to achieve proximal control. Venous
thrombectomy with a Fogarty catheter was performed through an incision in the IVC, which was then closed
primarily. After ensuring hemostasis, the abdomen was closed in the standard manner.

Data collection
Demographic and clinical information was abstracted from the patient’s electronic health records. The Mayo
Clinic RCC TT classification guideline (MCTTCG) was used to classify these patients according to the extent
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of intravascular tumor extension (Table 1) [19-21].

Tumor Thrombus Level Description

0 Limited to the renal vein

l Extends into the IVC, but < 2 cm above the renal vein

ll Extends into the IVC, > 2 cm above the renal vein but below hepatic veins

lll Extends above hepatic veins but below the diaphragm

lV Extends above diaphragm 

TABLE 1: Mayo clinic RCC tumor thrombus classification guidelines*
*The content of this table was extracted from the Mayo Clinic Tumor Thrombus Classification Guidelines and adapted for the article's use [21].

IVC: Inferior vena cava; RCC: Renal cell carcinoma

Statistical analysis
Central tendency measurements were used to describe the sample distribution. The mean was considered to
make assumptions regarding the prevalent observations, and the median was considered to rule out possible
outliers. Categorical data were evaluated using proportion analyses, including TT extension level and BMI
variables. Variables with less than three events were excluded from the statistical test. Patients were
stratified using their results from the BMI calculations. Individuals with a BMI of 18.5-24.9 were considered
healthy in terms of weight. Patients with a BMI between 25.0 and 29.9 were classified as overweight, and
patients with a BMI higher than 30 were considered obese [22]. Fisher's exact test was performed to assess
the significance between the World Health Organization/International Society of Urological
Pathology (WHO/ISUP) grade and TT extension level.

Results
The study analyzed twelve patients: 58.3% (n=7) male and 41.7% (n=5) female. The mean and median age at
the time of surgery were 63.6 (±6.4) and 63.0, respectively. As seen in (Table 2), 25% of patients were
considered to have a healthy weight, and 75% were either overweight or obese. The most prevalent
comorbidities in our cohort were hypertension (83.3%, n=10) and type 2 diabetes mellitus (66.7%, n=8).
Additionally, hypercholesterolemia was observed in four patients (33%). Only one patient had a history of
tobacco use. A positive family history of cancer was present in 25% (n=3) of patients. The most common
presenting symptoms were flank pain (33.3%, n=4), hematuria (25%, n=3), and dysuria (16.7%, n=2)
(Table 3). One patient presented to the emergency room with a pulmonary embolism (PE) (8.3%, n=1). None
of the patients from our cohort presented with fever, cachexia, weight loss, palpable flank mass, lower limb
edema, or right-sided varicocele.

Demographics RCC cases (n=12), n (%)

Sex  

   Female 5 (41.7)

   Male 7 (58.3)

BMI Categories  

   <18.5 0 (0.0)

   18.5-24.9 3 (25.0)

   25.0-29.9 6 (50.0)

   30.0-34.9 2 (16.7)

   35.0-39.9 1 (8.3)

   >40.0 0 (0.0)

Comorbidities  
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   Hypertension 10 (83.3)

   Diabetes Mellitus II 8 (66.7)

   History of Tobacco Use 1 (8.3)

   Chronic Heart Disease 1 (8.3)

Family History of Cancer  

   Yes 3 (25.0)

   No 9 (75.0)

Age at surgery  

   Mean ±SD 63.6 ±6.4

   Median 63.0

   Range (min-max) 53-73

BMI  

   Mean ±SD 27.2 ±4.6

   Median 26.7

   Range (min-max) 19.8-36.0

Maximum Tumor Vol (cm³)*  

   Mean ±SD 197.8 ±104.0

   Median 215.3

   Range (min-max) 38.4-324.4

Hospital LOS (days)  

   Mean ±SD 1.0 ±2.2

   Median 2.0

   Range (min-max) 1.0-7.0

TABLE 2: Patient demographics
*Variable with missing value.

RCC: Renal cell carcinoma

Presenting Symptoms RCC cases (n%)

Flank Pain 4 (33.3)

Hematuria 3 (25.0)

Dysuria 2 (16.7)

Pulmonary Embolism 1 (8.3)

TABLE 3: Presenting symptoms
RCC: Renal cell carcinoma

Patients were classified and grouped according to the level of TT extension based on the MCTTCG (Table 1).
Initially, only eight patients had a TT on imaging, but this number increased to twelve upon surgical staging.
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As shown in Table 4, our cohort distribution based on the tumor thrombus level was as follows: Level 0 (n=6),
level I (n=1), level II (n=2), level III (n=3), and level IV (n=0).

Tumor Thrombus Level Imaging Staging n (%) Surgical Staging n (%)

0 3 (37.5) 6 (50.0)

l 0 (0) 1 (8.3)

ll 3 (37.5) 2 (16.7)

lll 2 (16.7) 3 (25.0)

lV 0 (0) 0 (0)

None Identified 4 (33.0) 0 (0)

TABLE 4: Tumor thrombus level classification

The mean preoperative calcium, hematocrit, and platelet counts were 9.3 (±1.0), 39.1 (±6.8), and 297.8
(±121.0), respectively (Table 5). Two patients had hypocalcemia before surgery, and six were anemic (50%).
No intraoperative complications were reported within the cohort under study; however, postoperative
complications arose in two cases. The first case involved a level 0 patient who experienced vocal cord
damage. The second case pertained to a right-sided level III patient who suffered an acute kidney injury.
Transfusion volumes for level III patients were as follows: one left-sided level III case without IVC
exploration received a transfusion of four units of packed red blood cells (PRBCs), each containing 300 mL
and three units of plasma containing 250 mL. A right-sided level III case without IVC exploration involved a
transfusion protocol comprising ten units of PRBCs, each 300 mL, and four units of plasma, each 300 mL. A
left-sided level III case with IVC exploration necessitated seven units of PRBCs, each 300 mL, and five units
of plasma, each 250 mL. It is important to note that the estimated blood loss volume was not assessed for
our patient cohort.

Preoperative Laboratory Findings RCC cases (n=12)

Calcium (mg/dL)  

   Mean ±SD 9.3 ±1.0

   Range (min-max) 7.4-10.0

Hematocrit  

   Mean ±SD 39.1 ±6.8

   Range (min-max) 27.5-49.0

Platelets (x1000)  

   Mean ±SD 297.8 ±121.0

   Range (min-max) 125.0-499.0

TABLE 5: Preoperative laboratory findings
RCC: Renal cell carcinoma

The pathology reports on all 12 cases showed a diagnosis of clear-cell RCC, primarily present in the left
kidney (58.3%, n=7). Most cases (50%, n=6) were WHO/ISUP grade 4. An association between WHO/ISUP
grading and TT extension level was not seen (p=0.8182) (Table 6). As seen in (Table 2), the mean and median

tumor volume were 197.8 (±104.0) cm3 and 215.3 cm3, respectively. One patient was not included in the
tumor volume analysis due to missing information on this variable. Most of the cases (75%, n=9) were done
in the standard fashion via laparoscopic radical nephrectomy (LRN) except three, which were done via open
radical nephrectomy (ORN) (n=2) and laparoscopic-assisted open radical nephrectomy (LAORN) (n=1)
(Table 7). Assistance from the vascular surgery team was necessary for three-level III cases. Of these, IVC
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exploration was required for one left-sided level III case. LRN cases (75%, n=9) utilized periumbilical
incisions to remove specimens. A chevron incision was employed for access, and specimen extraction of a
left-sided level III case. In contrast, a right-sided level III case utilized a right subcostal incision. The case
done by LAORN was a left-sided level III and involved a right subcostal incision for access and specimen
extraction. (Table 7).

 Tumor Thrombus Level  

WHO/ISUP 0 I II III p-value*

G2 1 0 0 1 0.8182

G3 3 0 1 0  

G4 2 1 1 2  

TABLE 6: WHO/ISUP grading distribution with TT extension level
*p-value was calculated using a Fisher exact test.

WHO/ISUP: World Health Organization/International Society of Urological Pathology; TT: tumor thrombus
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Surgical Variables RCC cases (n=12), n (%)

Surgical approach  

   Laparoscopic RN 9 (75.0)

   Laparoscopic-Assisted Open RN 1 (8.3)

   Open RN 2 (16.7)

Type of Surgery  

   Nephrectomy without IVC exploration 11 (91.7)

   Nephrectomy with IVC Exploration 1 (8.3)

Tumor Laterality  

   Left 7 (58.3)

   Right 5 (41.7)

Intra-operative complications  

   Yes 0 (0)

   No 12 (100.0)

Post-operative complications  

   Yes 2 (16.7)

   No 10 (83.0)

Distant Metastasis  

   Yes 2 (16.7)

   No 10 (83.3)

Specimen Removal Technique  

   Chevron 1 (8.3)

   Right subcostal 2 (16.7)

   Periumbilical 9 (75.0)

TABLE 7: Surgical variables
IVC: Inferior vena cava; RCC: Renal cell carcinoma

Distant metastasis was seen in two cases (16.7%), a level II and a level III TT. None of the patients had lymph
nodes positive for malignancy (Table 7). Hospital length of stay (HLOS) showed a bimodal distribution
(Figure 1), with a mean and median of 3.1 (±2.2) and 2.0 days, respectively (Table 2). The longest HLOS was
seven days, seen in a right-sided level III patient, while the shortest HLOS was a single day in three level 0
patients (Table 2).
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FIGURE 1: Distribution of patients by hospital length of stay
Bars represent the frequency of the events based on a week’s time frame. The mode of stay was two days; no
observation was obtained for 3 and 4 days, shifting the SD to 2.2 days of stay as an in-patient. 

Discussion
Renal cell carcinoma can occasionally manifest with intravascular tumor extension, known as a tumor
thrombus (TT). Despite the limited amount of molecular-level information on this progression, it is believed
to be directly related to tumor advancement, being an intraluminal extension. However, some suggest that
the expression of vascular endothelial growth factor, an essential element for RCC growth, does not play a
role in the pathogenesis of tumor venous extension [23]. Furthermore, Shi Y. et al. unveiled the critical role
of extracellular matrix (ECM) remodeling in the growth of tumor thrombus, thus implying the potential
therapeutic utility of agents targeting ECM growth factors [24]. Additionally, recent research has identified
genetic variations among patients with inferior vena cava/renal vein TT with and without vascular wall
invasion. Notably, individuals lacking wall invasion exhibited a higher prevalence of mutations in PTEN,
TP53, various epigenetic regulators, and elevated expression of cell cycle-related pathway genes [25]. These
findings allude to an intricate yet structured pathway underlying TT development, a phenomenon that,
despite recent discoveries, still needs to be outlined at the molecular level. Nonetheless, it is worth
highlighting that the clinical aspects of this ailment are well-documented.

According to the literature, the presentation of TT in RCC patients is variable; some remain asymptomatic,
while others exhibit symptoms like varicocele, lower extremity swelling, cardiac dysfunction, pulmonary
embolism, or Budd-Chiari Syndrome [14-18]. In our patient cohort, as shown in Table 3, none displayed
symptoms indicative of a TT, except for one case of pulmonary embolism (PE). This patient presented to the
emergency room with signs and symptoms of PE. Immediate anticoagulation therapy was administered, and
subsequent CT angiography revealed a bland pulmonary embolus and a level II TT. The PE was managed
pharmacologically, and the patient was scheduled for elective resection of the TT and kidney. The
occurrence of PE did not alter the outcome of the surgery; however, it emphasizes the need for further
research into identifying patients with RCC who are at an elevated risk of experiencing severe complications
related to PE.

Obesity, diabetes, and hypertension have been well associated with renal neoplasms. These are highly
prevalent in PR, with a prevalence of 68% for obese and overweight individuals, 15.8% for diabetes, and 41%
for hypertension [6, 26-29]. Specifically, obesity has been known to promote and further the development of
RCC. The mechanism by which it furthers tumorigenesis is thought to be due to excess adipose tissue, which
promotes the secretion of adipokines, pro-inflammatory and pro-angiogenic factors, and serves as an energy
reservoir for the tumor [6]. Similarly, hypertension induces a state of chronic inflammation, promoting
hypoxia-induced factor expression with subsequent cell growth dysregulation and angiogenesis.
Additionally, hypertension is associated with increased formation of reactive oxygen species, which
promotes tumor development and progression [24]. Diabetes, on the other hand, has been associated with
worse overall survival, cancer-specific survival, and recurrence-free survival [27]. In our patient group, as
depicted in Table 2, diabetes, a BMI ≥ 25, and hypertension were highly prevalent (66.7%, 75%, and 83.3%,
respectively). As previously mentioned, the progression of the TT depends on factors that promote
accelerated tumor growth, such as hypoxia, inflammation, insulin resistance, excessive adipose tissue, and
adipokines [6]. Our data does not support such a relationship due to the sample size; however, most of the
patients were either overweight or obese.

As shown in Table 4, four patients had no evidence of tumor extension into the renal venous vasculature on
pre-operative imaging. Some of these patients had large tumors, which one would typically expect to exhibit
vascular extension on pre-operative imaging. These extensions were discovered during surgical exploration
and pathological assessment of the specimens. One might assume that regional structures would have
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greater involvement as tumor size increases, but our data does not support this assumption. 

The primary surgical approach in the case series was laparoscopic radical nephrectomy with periumbilical
specimen removal (Table 7). While effective, this minimally invasive approach is generally reserved for
lower-level TT. For those with greater extension, an open surgical approach is often necessitated. In our
effort to explore alternative methods, we implemented a new technique involving the laparoscopic
dissection of a left-sided kidney using ports positioned on the right side, followed by a connection of the
trocar incisions to form a right subcostal incision. This approach leverages the anatomical proximity of the
IVC to the right flank. The technique potentially offers a less burdensome approach for patients, mitigating
the overall operative impact.

Regardless of the approach, TT extension level, or laterality, none of our patients experienced
intraoperative complications. This is interesting, considering that most (58.3%, n=7) of our patients had
left-sided tumors (Table 7), which typically require a more challenging procedure and present with a more
aggressive nature [29]. Our findings align with Zhang et al.'s assertion that laparoscopic removal of RCC TT
is challenging yet safe and feasible [30]. Nevertheless, we did have two postoperative complications: one
who developed vocal cord damage leading to hoarseness and respiratory difficulties secondary to atelectasis
and edema and one who developed acute kidney injury secondary to hypovolemia. All noted complications
were successfully managed, permitting a complete post-operative recovery in all patients. Despite the
technical complexity of these cases, all patients are alive. Nine have been cured, while three level III are in
remission. These three are being treated with pembrolizumab as a preventive measure based on the high-
risk staging determined at their initial presentation.

The hospital length of stay (HLOS) for our patient group, as seen in Table 2, was predominantly ≤2 days
(66%), primarily for those with a TT extension level of I or II. This is unsurprising, given that patients with
higher TT extension levels typically require more prolonged and invasive procedures, potentially increasing
the patient burden. It is worth noting that Rabinowitz’s study reported a median HLOS of 7 days for cases
involving the IVC. However, comparing our results directly is challenging, as most of their cases were open
procedures, not laparoscopic [8]. Additionally, their study only included those with IVC extension, whereas
ours also encompassed cases with localized renal vein extension in addition to IVC.

Pathological assessment revealed that all our patients had clear cell carcinoma, consistent with the
literature, which asserts that clear cells are primarily responsible for the development of TT. Intriguingly, in
our cohort, no significant association was observed between WHO/ISUP grading and the level of TT
extension, suggesting the potential for other contributing factors in TT pathogenesis and progression (Table
6). It is worth noting that other RCC variants may also cause TT, and literature suggests that perioperative
and oncologic outcomes of clear-cell and non-clear-cell TT are comparable [8]. However, this observation
does not diminish the need for further research, especially in the Hispanic population, where an increased
risk for obesity is associated with a worse disease-specific survival in RCC [31].

In PR, TT clinical and pathological information reporting to the Cancer Registry is not mandatory, limiting
our ability to track the incidence, prevalence, and mortality associated with RCC. This hinders our ability to
gauge the condition’s relevance and the risk of life-threatening complications within our population. One
obstacle to fully understanding the disease's manifestation is the reliance on primary care physicians (PCP)
to recognize patients with high-risk renal tumors and promptly refer them to a urologist for TT evaluation.
To address this issue, it is essential to equip PCPs with the latest screening guidelines, ensuring patients
displaying risk factors or indicative symptoms are promptly identified and receive timely referrals to
urologists for evaluation.

Conclusions
Renal cell carcinoma is a common renal neoplasm in PR, with the propensity to progress into the renal
vasculature. Our findings failed to establish a definitive association between BMI, tumor size, and TT
extension level. Additionally, there was no relationship between WHO/ISUP grading and TT extension level.
Our results indicate that the laparoscopic excision of RCC-associated TT is a viable and effective alternative
to conventional open methods, as evidenced by the current disease-free status of all 12 patients. Moreover,
we propose that a hybrid technique, integrating laparoscopic and open surgical approaches for the excision
of higher-level left-sided TT, represents a plausible innovative strategy.

Further studies are necessary to evaluate whether this hybrid approach yields outcomes equivalent to those
of traditional open surgery. The study's design and small sample size limit our findings' generalizability,
underlining the need for broader research, especially within Hispanic populations, to better understand the
underlying factors that influence the development of RCC TT. Additionally, identifying predictive markers
could significantly enhance clinicians' capacity to detect and manage patients at a greater risk for life-
threatening TT complications.

Additional Information

2024 Bernaschina-Rivera et al. Cureus 16(4): e58113. DOI 10.7759/cureus.58113 9 of 11

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Acquisition, analysis, or interpretation of data:  Sebastián A. Bernaschina-Rivera, Jarline Encarnación ,
Carmen Ortiz-Sánchez, Gustavo Alayón-Rosario

Drafting of the manuscript:  Sebastián A. Bernaschina-Rivera, Jarline Encarnación , Carmen Ortiz-
Sánchez, Gustavo Alayón-Rosario

Critical review of the manuscript for important intellectual content:  Sebastián A. Bernaschina-Rivera,
Jarline Encarnación , Carmen Ortiz-Sánchez, Gilberto Ruiz-Deyá, Jorge L. Martínez-Trabal, Rafael Santini-
Domínguez, Gabriel Dieppa-Barnés

Concept and design:  Gilberto Ruiz-Deyá, Jorge L. Martínez-Trabal, Rafael Santini-Domínguez, Gabriel
Dieppa-Barnés

Supervision:  Gilberto Ruiz-Deyá, Gabriel Dieppa-Barnés

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Simon E. Carlos Torres
(Ponce Research Institute) issued approval 2205104830. The above-referenced protocol is considered
exempt after review by the IRB Committee that oversees the use of humans as experimental subjects
pursuant to Federal regulations, 45 CFR Part 46.101(b) (4). This part of the federal regulations requires that
the information be recorded by investigators in such a manner that subjects cannot be identified directly or
through identifiers linked to the subjects. It is necessary that the information obtained not be such that if
disclosed outside the research, it could reasonably place the subjects at risk of criminal or civil liability or be
damaging to the subjects' financial standing, employability, or reputation. If the research involves
collaboration with another institution, then the research cannot commence until the IRB Committee
receives written notification of approval from the collaborating institution's IRB. If there are any changes to
the protocol that significantly or substantially impact the rights of human subjects, you must notify the
Committee before those changes are initiated. You should retain a copy of this letter for your records.
Cordially, Simon E Carlo Torres (IRB Chairman). Animal subjects: All authors have confirmed that this
study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

Acknowledgements
We want to thank Dr. Javier Ruiz-Rodríguez and Dr. Erika A. La Torre-Castillo for their assistance in patient
identification.

References
1. Pandey J, Syed W: Renal Cancer. StatPearls Publishing, Treasure Island (FL); 2023.

https://www.ncbi.nlm.nih.gov/books/NBK558975/.
2. Cancer stat facts: Kidney and renal pelvis cancer . (2020). Accessed: December 15, 2023:

https://seer.cancer.gov/statfacts/html/kidrp.html.
3. Global cancer observatory: Kidney. (2020). Accessed: December 15, 2023:

https://gco.iarc.who.int/media/globocan/factsheets/cancers/29-kidney-fact-sheet.pdf.
4. Tsivian M, Moreira DM, Caso JR, Mouraviev V, Polascik TJ: Cigarette smoking is associated with advanced

renal cell carcinoma. J Clin Oncol. 2011, 29:2027-31. 10.1200/JCO.2010.30.9484
5. Hidayat K, Du X, Zou SY, Shi BM: Blood pressure and kidney cancer risk: Meta-analysis of prospective

studies. J Hypertens. 2017, 35:1333-44. 10.1097/HJH.0000000000001286
6. Gluba-Brzózka A, Rysz J, Ławiński J, Franczyk B: Renal cell cancer and obesity. Int J Mol Sci. 2022, 23:3404.

10.3390/ijms23063404
7. Brennan JF, Stilmant MM, Babayan RK, Siroky MB: Acquired renal cystic disease: Implications for the

urologist. Br J Urol. 1991, 67:342-8. 10.1111/j.1464-410x.1991.tb15158.x
8. Rabinowitz MJ, Esfandiary T, Cheaib J, et al.: Characterizing tumor thrombus arising from non-clear cell

renal cell carcinoma. Eur Urol Open Sci. 2022, 43:28-34. 10.1016/j.euros.2022.07.001
9. Smyth LG, Casey RG, Quinlan DM: Renal cell carcinoma presenting as an ominous metachronous scalp

metastasis. Can Urol Assoc J. 2010, 4:E64-6. 10.5489/cuaj.859
10. Kaptein FH, van der Hulle T, Braken SJ, et al.: Prevalence, treatment, and prognosis of tumor thrombi in

renal cell carcinoma. JACC CardioOncol. 2022, 4:522-31. 10.1016/j.jaccao.2022.07.011
11. Rabbani F, Hakimian P, Reuter VE, Simmons R, Russo P: Renal vein or inferior vena caval extension in

2024 Bernaschina-Rivera et al. Cureus 16(4): e58113. DOI 10.7759/cureus.58113 10 of 11

https://www.ncbi.nlm.nih.gov/books/NBK558975/?utm_medium=email&utm_source=transaction
https://www.ncbi.nlm.nih.gov/books/NBK558975/?utm_medium=email&utm_source=transaction
https://seer.cancer.gov/statfacts/html/kidrp.html?utm_medium=email&utm_source=transaction
https://seer.cancer.gov/statfacts/html/kidrp.html?utm_medium=email&utm_source=transaction
https://gco.iarc.who.int/media/globocan/factsheets/cancers/29-kidney-fact-sheet.pdf?utm_medium=email&utm_source=transaction
https://gco.iarc.who.int/media/globocan/factsheets/cancers/29-kidney-fact-sheet.pdf?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1200/JCO.2010.30.9484?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1200/JCO.2010.30.9484?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/HJH.0000000000001286?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/HJH.0000000000001286?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijms23063404?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijms23063404?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1464-410x.1991.tb15158.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1464-410x.1991.tb15158.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.euros.2022.07.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.euros.2022.07.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5489/cuaj.859?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5489/cuaj.859?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jaccao.2022.07.011?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jaccao.2022.07.011?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.ju.0000112885.66352.e2?utm_medium=email&utm_source=transaction


patients with renal cortical tumors: Impact of tumor histology. J Urol. 2004, 171:1057-61.
10.1097/01.ju.0000112885.66352.e2

12. Ficarra V, Righetti R, D'Amico A, Rubilotta E, Novella G, Malossini G, Mobilio G: Renal vein and vena cava
involvement does not affect prognosis in patients with renal cell carcinoma. Oncology. 2001, 61:10-5.
10.1159/000055346

13. Zisman A, Wieder JA, Pantuck AJ, et al.: Renal cell carcinoma with tumor thrombus extension: Biology, role
of nephrectomy and response to immunotherapy. J Urol. 2003, 169:909-16.
10.1097/01.ju.0000045706.35470.1e

14. Quencer KB, Friedman T, Sheth R, Oklu R: Tumor thrombus: Incidence, imaging, prognosis and treatment .
Cardiovasc Diagn Ther. 2017, 7:S165-77. 10.21037/cdt.2017.09.16

15. Noguchi K, Hori D, Nomura Y, Tanaka H: Renal cell carcinoma with tumor-thrombus extension into the
right ventricle. Ann Vasc Dis. 2012, 5:376-80. 10.3400/avd.cr.11.00067

16. Shirodkar SP, Soloway MS, Ciancio G: Budd-Chiari syndrome in urology: Impact on nephrectomy for
advanced renal cell carcinoma. Indian J Urol. 2011, 27:351-6. 10.4103/0970-1591.85439

17. Ogawa Y, Abe K, Hata K, Yamamoto T, Sakai S: A case of pulmonary tumor embolism diagnosed with
respiratory distress immediately after FDG-PET/CT scan. Radiol Case Rep. 2021, 16:718-22.
10.1016/j.radcr.2021.01.015

18. Al-Taan OS, Featherstone JM, Rees AM, Young WT, Stephenson TP: Renal cell carcinoma in a horseshoe
kidney presenting as an acute, left sided varicocele. Int Urol Nephrol. 2007, 39:369-71. 10.1007/s11255-006-
9008-6

19. Neves RJ, Zincke H: Surgical treatment of renal cancer with vena cava extension . Br J Urol. 1987, 59:390-5.
10.1111/j.1464-410x.1987.tb04832.x

20. Psutka SP, Leibovich BC: Management of inferior vena cava tumor thrombus in locally advanced renal cell
carcinoma. Ther Adv Urol. 2015, 7:216-29. 10.1177/1756287215576443

21. Blute ML, Leibovich BC, Lohse CM, Cheville JC, Zincke H: The Mayo Clinic experience with surgical
management, complications and outcome for patients with renal cell carcinoma and venous tumour
thrombus. BJU Int. 2004, 94:33-41. 10.1111/j.1464-410X.2004.04897.x

22. Healthy weight, nutrition, and physical activity: Adult BMI. (2022). Accessed: December 15, 2023:
https://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/index.html.

23. Patard J, Bensalah K, Rodriguez A, Vincendeau S, Guille F, Lobel B, Rioux-Leclercq N: Biological character
of renal tumours with cava thrombus. Eur Urol Suppl. 2003, 2:180-10. 10.1016/S1569-9056(03)80711-X

24. Shi Y, Zhang Q, Bi H, et al.: Decoding the multicellular ecosystem of vena caval tumor thrombus in clear
cell renal cell carcinoma by single-cell RNA sequencing. Genome Biol. 2022, 23:87. 10.1186/s13059-022-
02651-9

25. Dong X, Liu C, Jia S, Yu J, Ma L: Molecular characterization of renal cell carcinoma with venous tumor
thrombus: Genomic aberrations with renal vein wall invasion. J Clin Oncol. 2022, 40:385-385.
10.1200/JCO.2022.40.6_suppl.385

26. Kim CS, Han KD, Choi HS, Bae EH, Ma SK, Kim SW: Association of hypertension and blood pressure with
kidney cancer risk: A nationwide population-based cohort study. Hypertension. 2020, 75:1439-46.
10.1161/HYPERTENSIONAHA.120.14820

27. Chen L, Li H, Gu L, et al.: The impact of diabetes mellitus on renal cell carcinoma prognosis: A meta-
analysis of cohort studies. Medicine (Baltimore). 2015, 94:e1055. 10.1097/MD.0000000000001055

28. Díaz R, Felici M, Perez L: Diabetes. División de Promoción para la Salud del Departamento de Salud de
Puerto Rico, Puerto Rico; 2020. https://www.salud.pr.gov/CMS/DOWNLOAD/5675.

29. Ruiz-Serrano K, Felici M, Díaz-García R, Cases A: Informe de Enfermedades Cronicas, 2016-2017.
Departamento de Salud de Puerto Rico, Puerto Rico; 2019.
https://www.salud.pr.gov/CMS/DOWNLOAD/5533.

30. Zhang X, Li YS, Xiao B, et al.: Pure laparoscopic radical nephrectomy and inferior vena caval tumor
thrombus removal in patients with complicated renal tumor. Chin Med J (Engl). 2019, 132:2384-5.
10.1097/CM9.0000000000000436

31. Suarez-Sarmiento A, Yao X, Hofmann JN, et al.: Ethnic disparities in renal cell carcinoma: An analysis of
Hispanic patients in a single-payer healthcare system. Int J Urol. 2017, 24:765-70. 10.1111/iju.13424

2024 Bernaschina-Rivera et al. Cureus 16(4): e58113. DOI 10.7759/cureus.58113 11 of 11

https://dx.doi.org/10.1097/01.ju.0000112885.66352.e2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000055346?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000055346?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.ju.0000045706.35470.1e?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.ju.0000045706.35470.1e?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.21037/cdt.2017.09.16?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.21037/cdt.2017.09.16?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3400/avd.cr.11.00067?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3400/avd.cr.11.00067?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/0970-1591.85439?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/0970-1591.85439?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.radcr.2021.01.015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.radcr.2021.01.015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11255-006-9008-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11255-006-9008-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1464-410x.1987.tb04832.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1464-410x.1987.tb04832.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1756287215576443?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1756287215576443?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1464-410X.2004.04897.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1464-410X.2004.04897.x?utm_medium=email&utm_source=transaction
https://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/index.html?utm_medium=email&utm_source=transaction
https://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/index.html?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S1569-9056(03)80711-X?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S1569-9056(03)80711-X?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13059-022-02651-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13059-022-02651-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1200/JCO.2022.40.6_suppl.385?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1200/JCO.2022.40.6_suppl.385?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/HYPERTENSIONAHA.120.14820?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/HYPERTENSIONAHA.120.14820?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MD.0000000000001055?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MD.0000000000001055?utm_medium=email&utm_source=transaction
https://www.salud.pr.gov/CMS/DOWNLOAD/5675?utm_medium=email&utm_source=transaction
https://www.salud.pr.gov/CMS/DOWNLOAD/5675?utm_medium=email&utm_source=transaction
https://www.salud.pr.gov/CMS/DOWNLOAD/5533?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/CM9.0000000000000436?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/CM9.0000000000000436?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/iju.13424?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/iju.13424?utm_medium=email&utm_source=transaction

	Renal Cell Carcinoma With Tumor Thrombus: A Case Series in Puerto Rico
	Abstract
	Introduction
	Materials And Methods
	Patient selection
	Surgical description
	Data collection
	TABLE 1: Mayo clinic RCC tumor thrombus classification guidelines*

	Statistical analysis

	Results
	TABLE 2: Patient demographics
	TABLE 3: Presenting symptoms
	TABLE 4: Tumor thrombus level classification
	TABLE 5: Preoperative laboratory findings
	TABLE 6: WHO/ISUP grading distribution with TT extension level
	TABLE 7: Surgical variables
	FIGURE 1: Distribution of patients by hospital length of stay

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


