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Simple Summary: Cancer is associated with a high risk of developing venous thromboembolism,
which includes thrombosis in unusual areas such as the abdominal veins (splanchnic, ovarian and
renal veins). These thromboses are often incidental findings in the workup of a cancer patient. Cancer
is one of the major risk factors for splanchnic vein thrombosis, ovarian vein thrombosis and renal vein
thrombosis. Cancer-associated abdominal vein thrombosis carries high mortality rates and high risk
of recurrent thrombosis. The management of cancer-associated abdominal vein thrombosis follows
the general guidelines for the management of venous thromboembolism.

Abstract: Cancer is associated with an increased risk of developing venous thromboembolism, due
to its direct influence on the three pillars of Virchow’s triad (e.g., compression on the blood vessels
by the tumour, blood vessels invasion, and cytokine release), together with the effect of exogenous
factors (such as chemotherapy, radiotherapy, surgery). In cancer patients, the risk of thrombosis at
unusual sites, such as splanchnic, ovarian and renal vein thrombosis, is also increased. Abdominal
vein thromboses are frequently incidental findings on abdominal imaging performed as part of the
diagnostic/staging workup or the follow-up care of malignancies. There is little evidence on the
management of unusual site venous thromboembolism in cancer patients since there are only a few
specific recommendations; thus, the management follows the general principles of the treatment of
cancer-associated deep vein thrombosis and pulmonary embolism. This narrative review summarises
the latest evidence on cancer-associated abdominal vein thrombosis, i.e., thrombosis of the splanchnic,
ovarian and renal veins.
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1. Introduction

Cancer is associated with an increased risk of developing venous thromboembolism
(VTE), which can lead to increased morbidity, hospitalisation and mortality [1]. An Austrian
nationwide epidemiological study highlighted that the risk of developing VTE was 15 times
higher in cancer patients in comparison to patients without cancer. This risk is also increased
in young patients, showing the relevant effect of cancer on an age category at intrinsically
low risk of VTE. In addition, around 20% of all VTE patients had a cancer diagnosis,
suggesting that 1 out of 5 VTE cases can be considered cancer-associated thrombosis
(CAT) [2,3].

The description of the association between cancer and thrombosis dates back to the
19th century, when it was reported as Trousseau syndrome, taking its eponym from the
French physician Armand Trousseau [4,5]. Nowadays the term Trousseau syndrome is
more commonly referred to migratory thrombophlebitis as a sign of visceral cancer [6]. In
the same century, the German pathologist Rudolph Virchow explained the pathogenesis of
VTE, through the so-called Virchow’s triad (blood stasis, hypercoagulability and endothelial
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injury) which can also be applied to CAT (Figure 1) [7]. Venous stasis can be increased due
to immobility, as well as tumour compression on blood vessels. Hypercoagulability can
result from several biochemical factors released by the tumour (e.g., cytokines), but can also
be due to the treatment itself (e.g., chemotherapy or recent surgery). Endothelial injury can
occur due to direct effect of tumour invasion with damage to the endothelium, the presence
of central venous catheters and the treatment of the malignancy (e.g., chemotherapy or
radiotherapy) [8].

Hypercoagulability

Cytokines released by tumour
Dehydration

Transfusions

Chemotherapy

Surgery

Endothelial injury

Direct vessel invasion by tumour
Central venous catheters
Chemotherapy

Radiotherapy

Venous Stasis

Vessel compression by tumour
Immobilisation
Hospitalisation

Figure 1. The Virchow’s triad in cancer patients. Legend: VTE = venous thromboembolism.

Thrombosis of the abdominal veins (i.e., thrombosis of the splanchnic, ovarian and
renal veins) are considered unusual locations of VTE, because they are less common than
deep vein thrombosis (DVT) and pulmonary embolism (PE). However, they are frequently
detected in cancer patients. In a recent study enrolling 1702 patients with CAT, 167 (9.8%)
had splanchnic and 49 (2.9%) had renal/ovarian vein thrombosis [9].

We performed a narrative review of the literature with the aim to summarise the latest
evidence on cancer-associated abdominal vein thrombosis.

2. Splanchnic Vein Thrombosis
2.1. Epidemiology

Splanchnic vein thrombosis (SVT) includes thrombosis of the portal vein, mesenteric
veins, splenic vein and the Budd—Chiari syndrome (BCS). Among the different locations of
SVT, the most common is portal vein thrombosis (PVT), with incidence rates of 1.73 and
3.78 cases per 100,000 persons per year in females and males, respectively, while the least
common is BCS, with incidence rates of around 2 cases per million persons per year [10].

Cancer is one of the major risk factors for SVT. In the study by Thatipelli et al.,
the prevalence of solid cancer was higher in SVT patients compared to DVT patients
(27% vs. 17%) [11]. The prevalence of solid cancer in incidentally detected SVT is even
higher (35-64%) [12,13]. The most common tumours in cancer-associated SVT were hepa-
tobiliary and pancreatic (57.6%), followed by gastrointestinal (25.8%) and genitourinary
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cancers (21.2%) [14]. In the study by Handa et al. which evaluated a US nationwide
inpatients database, out of 32,324 patients who were admitted to hospital due to SVT
between the years 2007 and 2017, 10% of them had a gastrointestinal malignancy, mainly
liver (hepatocellular carcinoma) or pancreatic cancers [15]. In the study by Zanetto et al.,
the 1-year incidence of PVT was 24.4% in cirrhotic patients with hepatocellular carcinoma
vs. 11.4% in cirrhotic patients without hepatocellular carcinoma [16].

There is a strong association between myeloproliferative neoplasms (MPN) and SVT.
The mean prevalence of MPN was reported to be 40.9% in patients with BCS and 31.5% in
patients with PVT [17], while the overall prevalence of SVT in MPN patients ranged from
5% to 13% [18]

Furthermore, SVT can be a marker of occult cancer. Approximately 8% of SVT pa-
tients will have a diagnosis of cancer in the 3 months following SVT, in particular liver
cancer (absolute risk 3.5%), pancreatic cancer (absolute risk 1.5%) and MPN (absolute risk
0.7%) [19].

2.2. Clinical Presentation

Symptoms of SVT are non-specific: the most common is abdominal pain (48-55% of
cases), followed by ascites (10-29%) and gastrointestinal bleeding (9-26%) [11,20]. Patients
may also complain of other symptoms such as nausea, vomiting, anorexia, diarrhoea or
constipation, and rarely fever. Furthermore, there might be some peculiar clinical scenarios
based on the site of thrombosis. BCS can present with a triad of hepatomegaly, ascites, and
abdominal pain. Mesenteric vein thrombosis (MVT) can present with intestinal infarction
and acute abdominal pain in a third of patients. Chronic PVT is characterised by the
presence of portal cavernoma and symptoms of portal hypertension [21]. Cancer-associated
SVT is often detected in asymptomatic patients: an incidental diagnosis of SVT was reported
in 44.7% of SVT patients with solid cancer [14].

2.3. Diagnosis

SVT diagnosis relies on imaging. D-dimer has high sensitivity (96%) but very low
specificity (25%) for SVT [22]. Doppler Ultrasound (US) can be used as first-line imaging
for PVT (sensitivity 89-93%, specificity 92-99%) and for BCS [23]. However, visualisation
of the mesenteric veins can be difficult in obese patients and in the presence of meteorism.
Thus, computed tomography (CT) angiography or magnetic resonance imaging (MRI)
angiography are the preferred diagnostic modalities for MVT. CT and MRI can also be
performed when US is inconclusive, and to evaluate thrombosis extension in PVT.

In cancer patients, SVT is frequently an incidental finding discovered at follow-up
imaging. In a study evaluating 2591 abdominal CT scans, the prevalence of incidentally
detected abdominal vein thrombosis was 1.74% in the overall population, and 2.50% when
considering only cancer patients [24].

2.4. Treatment

Anticoagulation is the mainstay treatment for SVT. It should be started early to pre-
vent thrombus extension and increase the likelihood of recanalization. A guidance from
the International Society on Thrombosis and Haemostasis (ISTH) divides the treatment
of SVT based on the aetiopathogenesis. In non-malignant, non-cirrhotic SVT, it is sug-
gested to use the direct oral anticoagulants (DOAC) as first-line treatment, and to consider
low-molecular-weight heparin (LMWH) and vitamin K antagonists (VKA) if there are
any contraindications to DOACs [25]. In patients with cancer-associated SVT, the rec-
ommended choices are LMWH or DOACs. However, a preference is given to LMWH
in case of luminal gastrointestinal cancer or genitourinary cancer at high bleeding risk,
and in patients receiving chemotherapy which might interact with the DOACs [25]. An
indefinite treatment duration is recommended in SVT caused by persistent risk factors,
with periodical reassessment of the risk of recurrent VTE and the risk of bleeding [26].
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Recently, several studies focused on SVT in patients with solid cancer in general [14,27] or
associated with gastrointestinal malignancies [28-30]. The proportion of patients receiving
anticoagulant treatment in these studies was variable, ranging from ~18% to ~70%. In
addition, the study by Valeriani et al. highlighted that solid cancer-associated SVT was less
frequently anticoagulated than cancer-associated DVT and/or PE (68.9% vs. 99.2%) and
that median treatment duration was shorter (6 vs. 11 months, respectively) [14]. Recent
studies evaluating the treatment of solid cancer-associated SVT are detailed in Table S1.
Of note, in cancer-associated SVT, mortality rates were relatively high (41-61%), while
the rates of major bleeding (2.3-9.8%) and recurrent VTE (3.9-4.5%) were in line with a
previous meta-analysis on this topic [31].

Incidentally detected SVT, which is not uncommon in cancer patients, should be
treated like symptomatic SVT [25]. In fact, an individual patient data meta-analysis reported
that incidental SVT had a higher risk of recurrent VTE and similar bleeding risk, compared
to symptomatic SVT patients [32].

2.5. Prognosis

Overall, SVT carries a poor prognosis compared to the general population, with a
30-day mortality risk of 20.6% for SVT patients vs. 0.7% for a matched cohort of individuals
without SVT. MVT was associated with the highest short-term mortality rate (63.1% at
30 days), due to the risk of bowel ischaemia, whereas PVT showed the highest mortality
rate in the long-term (23.1% at 1 year, 27.2% at 5 years) [33]. Furthermore, SVT in general
has lower survival rates than lower-limb DVT [11].

SVT patients with solid cancer had the highest mortality rate of 39.5 (95% CI, 31.1-50.1)
per 100 patient years, compared to other subgroups of SVT patients [20]. However, the
1-year mortality rates were similar between cancer-associated SVT and cancer-associated
VTE at typical locations (41.7% vs. 39.4%, respectively) [14]. In the study by Handa et al.,
SVT patients with gastric or hepatic cancer had the highest inpatient mortality rates (12.1%
and 7.6%, respectively) [15]. Afzal et al. showed that patients with advanced pancreatic
cancer who developed SVT had a two-fold increase in mortality rates (adjusted hazard
ratio (aHR) 2.02; 95% CI, 1.65-2.47) [29].

Patients with MPN-associated SVT have better prognosis with a reported mortality
rate of 3.4 (95% CI, 1.1-10.4) per 100 patient years [20]. Furthermore, the prognosis of MPN
patients does not seem to be influenced by the presence of SVT [19].

The risk of recurrent VTE in cancer-associated SVT is relevant: 7.6 (95% CI, 4.3-13.3)
per 100 patient years in patients with solid cancer, and 5.9 (95% CI, 2.5-14.3) per 100 patient
years in patients with MPN [20]. However, the cumulative incidence of recurrent VTE in
patients with solid cancer and SVT was not significantly different compared to patients
with solid cancer and usual site VTE [14].

3. Ovarian Vein Thrombosis
3.1. Epidemiology

There are no precise estimates on the epidemiology of ovarian vein thrombosis (OVT)
in the general oncological population. Most studies are focused on post-partum OVT and
reported an incidence between 0.049% [34] and 0.18% [35].

There are three studies assessing the rates of post-operative OVT in patients with
gynaecological malignancies after cancer surgery [36-38]. In the study by Yassa et al.,
out of 50 women with either cervical, ovarian or endometrial cancer, undergoing total
abdominal hysterectomy with bilateral salpingo-oophorectomy, 40 patients (80%) had
an incidental finding of unilateral OVT at follow-up CT scan. Mantha et al. enrolled
159 patients undergoing a routine CT scan 12 weeks post-operatively after debulking
surgery for ovarian cancer and found incidental findings of OVT in 41 (25.8%) of them [38].
More recently, Takahashi et al. followed 417 patients after gynaecological cancer surgery
including bilateral adnexectomy; 55 (13.2%) of them were diagnosed with incidental OVT
within 6 months, with no significant difference found amongst patients with cervical,
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endometrial and ovarian cancers [36]. Studies evaluating the rates of incidentally detected
OVT in patients undergoing gynaecological cancer surgery are summarised in Table S2.

Cancer is one of the most common causes of OVT. In studies enrolling different aetiologies
of OVT, the most common risk factors were malignancy (11-60%), pregnancy/puerperium
(9-61%) and abdominal surgery (6-70%) [39-41]. In the study by Lenz et al., 96 (44%) out
of 219 patients with OVT had a malignancy and the prevalence of cancer was almost twice
than in patients with lower limb DVT (21%). The most common cancer locations were geni-
tourinary and gastrointestinal cancers [40]. Other studies have reported a lower rate of OVT
associated with malignancy at 27%, whilst still being the most common cause of OVT [42].
OVT is associated with several other causes such as hormonal stimuli (e.g., pregnancy and
post-partum), pelvic inflammatory disease, surgery, and hospitalisation [39,40,43].

While pregnancy-related OVT more commonly involves the right ovarian vein, due to
the dextrorotation and compression from the gravid uterus [44], studies including mixed
aetiologies reported similar involvement of both ovarian veins [39,40,42]. Nonetheless, in
the study by Yassa et al. enrolling women after gynaecological cancer surgery, the right
ovarian vein was involved in 75% of OVT cases. All these patients had complete occlusion
of the vein on the CT scan; however, none presented with any signs or symptoms, and none
were treated with anticoagulation [37]. OVT extension into the renal vein or the inferior
vena cava is commonly reported, up to 25% and 31% of cases, respectively [45].

3.2. Clinical Presentation

The clinical presentation of OVT typically includes abdominal pain, usually in the
lower quadrant ipsilateral to the thrombosed vein, with rebound tenderness and guarding.
The pain can radiate to the pelvis and to the back. Post-partum OVT can present with
fever within 96 h of delivery and generally unresponsive to antibiotics, which led to its
description as septic pelvic thrombophlebitis [43,46]. A lower abdominal mass can be
palpated in many cases, which corresponds to the thrombosed vein [35]. Other symptoms
include diaphoresis and tachypnoea [43].

Oncological patients with OVT are commonly asymptomatic. Studies performing post-
operative imaging after gynaecological cancer surgery reported that OVT was frequently
an incidental finding, since all patients who developed OVT had no symptoms [36-38].

3.3. Diagnosis

Doppler US can diagnose OVT by showing the reduction or lack of blood flow in
the ovarian veins [43]. US is limited by abdominal meteorism and patient’s body habitus,
which can impair the visualisation of the ovarian veins. However, postpartum US scans
performed in patients with no previous history of thromboembolism, after vaginal delivery,
showed that, in 78.6% of women, both ovarian veins could be visualised [47]. CT and MRI
are the recommended imaging tests, since they can more easily visualise the OVT [48].
Based on available studies, the reported ranges of sensitivity and specificity for US were
50-100% and 41-99%, for CT scan 77-100% and 62-99%, and for MRI scan 92-100% and
~100%, respectively [49].

The Society of Obstetricians and Gynaecologists of Canada (SOGC) suggests that a
pelvic US can be performed as a first line investigation. However, CT or MRI (preferably
with angiography) should be considered as the definitive imaging modalities to confirm or
rule out the presence of OVT, especially when the US is inconclusive [50].

3.4. Treatment

The SOGC Guidelines addressing VTE during pregnancy and post-partum recom-
mended parenteral broad-spectrum antibiotics for at least 48 h after defervescence, with a
longer duration if the patient has a complicated infection. OVT should also be managed
with therapeutic anticoagulation for 1-3 months [50]. The British Committee for Standards
in Haematology (BCSH) Guidelines for venous thrombosis at unusual sites provided rec-
ommendations for the management of OVT based on the causative factor. Postpartum OVT
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should be treated with typical anticoagulation for 3-6 months, in line with the management
of VTE at usual locations. However, a significant proportion of OVT diagnosis is due to
incidental findings, typically during imaging for gynaecological surgery. They stated that
incidental OVT findings in cancer patients do not require anticoagulant treatment, except
for patients with inferior vena cava extension or PE [48].

This management has been seen in several retrospective cohort studies in which pa-
tients were treated at the physician’s discretion. Lenz et al. reported that OVT was less
frequently treated with anticoagulation in comparison to leg DVT (54% vs. 98%, respec-
tively, p < 0.001) and that, in turn, cancer-associated OVT was less frequently anticoagulated
than non-cancer-associated OVT (41% vs. 64%, respectively, p < 0.01) [40]. Mantha et al.
showed that among 41 patients with ovarian cancer and OVT, only 5 (12.2%) of them were
anticoagulated and the drug of choice was LMWH [38]. Takahashi et al. reported that
among 55 women with OVT and gynaecological malignancies after adnexectomy, only
6 (10.9%) patients were anticoagulated (3 received VKA and 3 DOACs). Although there
was no significant difference in OVT resolution between treated and untreated patients
(83.3% vs. 75.5%, p = 0.32), 4 (8.2%) out of 49 untreated patients had OVT progression,
which did not extend into the renal vein or the inferior vena cava [36]. The study by Assal
et al. enrolled 223 OVT patients, of whom 60.1% had a diagnosis of cancer. Anticoagulated
patients had lower VTE recurrence rates compared to untreated patients (5.9% vs. 9.9%,
p = 0.59); however, the difference was not statistically significant, probably due to the low
number of treated patients (~9%) [39].

3.5. Prognosis

In a case—control study comparing OVT patients with age- and gender-matched DVT
patients, VTE recurrence rates were similar in the two groups (2.3 vs. 1.8 per 100 patient
years, respectively), despite OVT patients being less frequently anticoagulated. Further-
more, in OVT patients, the presence of cancer did not significantly increase the risk of VTE
recurrence. Mortality rates were also similar between OVT and DVT; however, the presence
of cancer was associated with worse survival rates for patients with OVT compared to
non-cancer associated OVT [40].

In the study by Mantha et al. assessing the incidence of OVT after surgical resection of
ovarian cancer, overall survival rates were not significantly affected by the development of
OVT after surgery (95.1% in patients with OVT vs. 93.2% in patients without OVT at 1-year
follow-up). In addition, despite only a minority of OVT patients being anticoagulated,
there was no significant increased risk of VTE between patients with and without OVT
(17.1% vs. 15.3% at 1-year follow-up) [38].

4. Renal Vein Thrombosis
4.1. Epidemiology

There are no precise estimates regarding the epidemiology of renal vein thrombosis
(RVT) in cancer patients. RVT is a rare medical condition, with an incidence rate of
<0.1 cases per 100,000 persons per year in the general population [51]. It more commonly
arises in neonates, in whom the annual incidence rate was reported to be 2.6 per 100,000 live
births [52]. RVT is frequently associated with nephrotic syndrome and is detected in 5-62%
of patients with this condition [53]. Males are more commonly affected than females due
to the greater occurrence of membranous nephropathy, which is a predisposing factor for
RVT [54]. The left renal vein is more prone to thrombosis due to its longer course and
complex venous system, as opposed to the right renal vein [55]. RVT extension into the
inferior vena cava is common, being reported in 43—46% of patients [56,57].

Cancer is one of the most common causes of RVT in adults. In the cohort study by
Rottenstreich et al. [57], 19 out of 39 patients with RVT (48.7%) had active cancer at the
time of RVT diagnosis. In the study by Wysokinski et al., 143 out of 218 patients with RVT
(66.2%) had an underlying malignancy, and the prevalence of cancer was almost 3 times
higher than in patients with lower limb DVT (21.6%) [56]. In both studies, the most common



Cancers 2023, 15, 5293

7 of 14

tumour was renal cell carcinoma [56,57], which in general accounts for 90% of all renal
malignancies [58]. In 10% of patients with renal cell carcinoma, the tumour grows along the
renal vein (tumour thrombus) and can extend into the inferior vena cava [58,59]. Cancers
less frequently associated with RVT include other urinary malignancies (such as Willms
tumour and urothelial carcinoma of the renal pelvis), gynaecological and gastrointestinal
tumours, and more rarely adrenocortical carcinoma and hepatocellular carcinoma [60-62].

4.2. Clinical Presentation

The clinical manifestations of RVT differ based on the acute or chronic presentation
of thrombosis, since the rate of venous occlusion and the formation of collateral venous
pathways affect its clinical manifestations [63]. Acute RVT is accompanied by symptoms
of flank pain and tenderness, gross haematuria, nausea, and vomiting [53]. Acute RVT
is common in neonates with dehydration, prematurity and perinatal asphyxia [64]. Bi-
lateral RVT can lead to acute renal failure [48]. Chronic RVT can be asymptomatic or
paucisymptomatic, with the subtle presentation of peripheral oedema, but may lead to
kidney impairment [53]. However, there is a higher prevalence of acute (64%) over chronic
RVT [57]. Cancer patients with RVT are generally older than non-cancer patients (median
age 66 vs. 28 years, respectively) and more commonly present with chronic (36.8% vs. 5.0%)
or asymptomatic (21.1% vs. 10.0%) RVT [57].

4.3. Diagnosis

Renal venography used to be the gold standard; however, it is rarely used nowadays
due to the availability of alternative diagnostic methods which are less invasive [48].

US can be used as the initial imaging modality [53]. It shows enlarged kidneys with
increased echogenicity, and lack of blood flow in the renal vein. However, sensitivity and
specificity for the detection of RVT have been reported to be 85% and 56%, respectively,
compared to venography [65].

CT angiography is the imaging of choice, with almost 100% sensitivity and specificity
compared to digital subtraction angiography [63,66]. MRI angiography can be used as an
alternative to CT scan with reported sensitivity of 94.1% and specificity of 100%, compared
to CT venography [67].

4.4, Treatment

Therapy for RVT should be aimed at preventing thrombus progression and emboliza-
tion, and at preserving renal function [68]. Anticoagulation is the main treatment for RVT;
however, lacking specific recommendations, the management usually follows the same
principles as the treatment of DVT and PE [48]. This uncertainty is also represented by
the fact that the proportion of anticoagulated RVT patients ranged from 52.3% to 71.8% in
different studies [56,57].

In general, treatment is started with unfractionated heparin (UFH) or LMWH and can
be continued with oral anticoagulants. In the study by Wysokinski et al., out of 143 patients
with CAT, 60 (42.0%) received heparin and 24 (16.8%) received warfarin [56]. In a small case
series of 8 RVT patients treated with DOAC, 6 of them (75%) had active malignancy [69].

In patients with cancer-associated RVT, renal function impairment is a common occur-
rence and thus the dose of certain anticoagulants (such as LMWH and DOACs) might need
adjustment [70,71].

Duration of anticoagulant therapy differed in the published studies. In the cohort by
Rottenstreich et al., patients with active cancer received anticoagulation for 3-12 months,
while in the cohort by Wysokinski et al. approximately half of the patients were treated
with VKAs for a duration up to one year, and the other half were treated lifelong.

Thrombectomy and/or thrombolysis can be considered only in patients with acute
bilateral RVT and acute renal failure, if no response to anticoagulant treatment [63].
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4.5. Prognosis

The prognosis of RVT depends on the underlying risk factors and the degree of
renal function alteration. In general, RVT survival is lower compared to lower-limb DVT.
Wysokinski et al. reported that the overall mortality rate in RVT patients was 18.0 per
100 patient-years, and that cancer-associated RVT was associated with increased mortality
risk compared to nephrotic syndrome-associated RVT [56]. In the study carried out by
Rottenstreich et al., 28% of patients died, However, all these patients had active cancer and
all deaths were not related to RVT. The mortality rate was significantly higher in cancer
patients compared to non-cancer patients, thus confirming that the prognosis of RVT is
highly dependent on the presence of active malignancy [57].

In general, the risk of recurrent VITE in RVT patients is significantly lower than the
risk of recurrent VTE in patients with lower limbs DVT [56], and most recurrences consist
of DVT (recurrent RVT is rare). In the study carried out by Wysokinski et al., the risk
of recurrent VTE was 1.0 per 100 patient years. Despite most of the events (5 out of 8)
occurring in cancer patients, the risk of recurrence was not significantly affected by the
presence of malignancy [56].

5. Guidelines for Cancer-Associated Venous Thromboembolism

The anticoagulant treatment of cancer-associated abdominal vein thrombosis follows
the general principles of the treatment of cancer-associated DVT and PE, since there are
only a few specific recommendations. The treatment of CAT is generally divided into
three phases: acute phase (5-10 days after diagnosis); long-term phase (up to 6 months);
extended phase (after 6 months) (Figure 2) [72].

e LMWH, UFH, fondaparinux
e Apixaban, rivaroxaban

Acute Phase

Long-term 0 (N5

® Apixaban, edoxaban, rivaroxaban

Phase . VKAs

e LMWH
* Apixaban, edoxaban, rivaroxaban
* VKAs

Figure 2. The anticoagulant treatment of cancer-associated thrombosis. Legend: LMWH = low-
molecular-weight heparin; UFH = unfractionated heparin; VKAs = vitamin K antagonists.

For the acute phase possible anticoagulant options include LMWH, UFH, fonda-
parinux, apixaban or rivaroxaban [72]. LMWH showed a trend towards lower mortality
rate (risk ratio (RR) 0.66; 95% CI, 0.40-1.10) and lower recurrent VTE (RR 0.69; 95% (I,
0.27-1.76) compared to UFH. Fondaparinux showed a trend towards higher mortality rate
(RR 1.25; 95% CI, 0.86-1.81) and higher minor bleeding events (RR 1.53; 95% CI, 0.88-2.66)
compared to LMWH [73]. Thus, LMWH is the preferred choice compared to UFH or
fondaparinux. However, UFH may be considered in patients with severe renal impairment
and creatinine clearance <30 mL/min, while fondaparinux may be considered in patients
with previous heparin-induced thrombocytopenia [72].

For the long-term phase, possible anticoagulant options include LMWH, apixaban,
edoxaban, rivaroxaban or VKAs [72]. LWMH has been the cornerstone of the treatment
for CAT, since it showed significantly lower recurrent VTE (RR 0.59; 95% ClI, 0.44-0.80)
compared to VKAs, without increasing the risk of major bleeding [73]. VKAs might also
have drug-drug interactions with chemotherapy drugs [71]. Recently, multiple randomized
controlled trials have shown that the DOACs (the factor Xa inhibitors apixaban, edoxaban,
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and rivaroxaban) are an adequate alternative to LMWH, with an added ease of use for
patients due to their oral administration at fixed doses [74]. Of note, while apixaban and
rivaroxaban can be started as a single drug approach using higher doses for the initial
weeks, edoxaban requires some days of LMWH as induction. The DOACs showed a trend
towards lower recurrent VTE (RR 0.63; 95% CI, 0.34-1.15) compared to VKAs. They also
showed significantly lower recurrent VTE (RR 0.63; 95% CI, 0.45-0.88), significantly higher
minor bleeding events (RR 1.58; 95% CI, 1.15-2.16) and a trend towards higher major
bleeding events (RR 1.20; 95% CI, 0.83-1.73) compared to LMWH [73]. Thus, LMWH and
direct factor Xa inhibitors are preferred over VKAs. However, among the different direct
factor Xa inhibitors, edoxaban and rivaroxaban were associated with increased risk of
gastrointestinal major bleeding, while apixaban was associated with the lowest bleeding
risk [74]. Thus, LMWH is preferable over DOACs in patients with luminal gastrointestinal
or urothelial cancer, high risk of gastrointestinal bleeding (e.g., active gastroduodenal ulcer),
or receiving chemotherapy interfering with DOACs (e.g., strong inducers or inhibitors of
CYP34A or P-glycoprotein) [72].

For the extended phase, possible anticoagulant options include LMWH, apixaban,
edoxaban, rivaroxaban or VKAs [72]. The duration of anticoagulation is typically extended
beyond 6 months in patients with active cancer when the risk of recurrent VTE outweighs
the risk of bleeding.

Furthermore, the recent clinical practice guidelines of the European Society for Medi-
cal Oncology (ESMO) recommended treatment of incidentally detected CAT in the same
way as symptomatic CAT [72]. Previously, the 2012 guidelines of the British Committee
for Standards in Haematology (BCSH) reported that incidentally detected OVT in cancer
patients after hysterectomy does not necessarily require anticoagulation, unless there is
extension into the inferior vena cava or associated PE [48]. The 2023 Guidelines of the
American Society of Clinical Oncology (ASCO) suggested to consider anticoagulation for
incidentally detected splanchnic or visceral vein thrombosis on a case-by-case basis [75].
Finally, the 2020 ISTH guidance specifically addressed the treatment of cancer-associated
SVT. The authors recommended LMWH or DOAC, with a preference for LMWH if lumi-
nal gastrointestinal or genitourinary cancer had a high bleeding risk, or chemotherapy
interacting with DOACs [25].

6. Conclusions

Despite being unusual locations of VTE, thromboses of the splanchnic, ovarian and
renal veins are not uncommon in cancer patients. Cancer is one of the main risk factors,
being 2-3 times more common in abdominal vein thrombosis than in lower-limb DVT. In
fact, they are often detected as incidental findings at abdominal imaging performed as
part of the diagnostic workup or the follow-up care of malignancies. Furthermore, among
the different aetiopathogenesis of thrombosis, cancer-associated SVT, OVT and RVT have
higher mortality rates compared to their non-cancer-associated counterparts. A summary
of the characteristics of cancer-associated abdominal vein thrombosis is reported in Table 1.

There is limited literature regarding cancer-associated abdominal vein thrombosis.
The rarity of these abdominal thrombosis resulted in a small number of studies available for
each of these locations. Additionally, most available studies have an observational design,
a small sample size, a short follow-up and heterogeneous outcome definitions. There is also
limited evidence on the management of cancer-associated abdominal vein thrombosis, since
only a minority of patients enrolled in the existing studies received anticoagulant treatment.
Furthermore, with a few exceptions, current guidelines do not specifically address these
thromboses. As a consequence, the management of cancer-associated abdominal vein
thrombosis in clinical practice follows the management of cancer-associated VTE in more
common locations. Future research should focus on performing large collaborative studies,
preferably with a prospective design, using standardized outcome definitions [76].
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Table 1. Summary characteristics of cancer-associated abdominal vein thrombosis.

Thrombosis

Epidemiology

Clinical Presentation

Diagnosis

Treatment

Prognosis

Prevalence of solid cancer
in SVT overall ~27%, in

Start anticoagulation early
For cancer-associated SVT:

incidentally detected SYT ~ ®  AAbdominal pain, ascites, possible options are
~35-64% (higher than usual gastromtestu.igl bleedmg,. LMWH or DOAC. Mortality rates in solid
site VTE) nausea, vomiting, anorexia, Preference for LMWH if cancer-associated SVT 39.5
Most common tumors: dlarrl'loeg, P Doppler US: first line for luminal gastrointestinal per 100 pt'yj
hepatobiliary and . ;{O:S’ﬂtpatlon,l ever it PVT and BCS cancer, gen.itourinary . MPN-associated SVT 3.4
. . . pancreatic (~58%), h C}lna qmelga Y asBcE gs, CT or MRI angiography-: cancer at high bleeding risk, per 100 pt-y . .
Splanchnic vein thrombosis gastrointestinal (~26%), abdoruina’ pam ( ) better visualization of chemotherapy interfering Recurrent VTE in solid
genitourinary (~21%) . Intestinal infarction (MVT) mesenteric veins and with DOAC cancer-associated SVT 7.6
Prevalence of MPN in BCS ¢ Portal cavernoma, pgrtal thrombosis extension Indefinite treatment per 100 pt-y,
~41%, in PVT ~32% hypertension (chronic PVT) duration, with periodical MPN-associated SVT 5.9
Within 3 months after SVT: ~ ©  ~Symptomatic incidentally reassessment of thrombotic per 100 pt-y
risk of liver cancer 3.5%, det‘ected SVT m ~45% of and bleeding risk
pancreatic cancer 1.5%, solid cancer patients Incidentally detected SVT
MPN 0.7% should be treated like
symptomatic SVT
Prevalence of cancer in
OVT ~44% (higher than Broad spectrum antibiotics
usual site VTE) ° Abdominal pain and until 48 h after Mortality rates in
Most common tumors: tenderness, fever, Doppler US: first line defervescence cancer-associated OVT:
. . . genitourinary (~50%), abdominal mass CT or MRI angiography: Anticoagulation for at least ~5% at 1 year follow-up
Ovarian vein thrombosis gastrointestinal (~29%) . Asymptomatic incidentally better visualization of the 3 months Recurrent VTE in
Rates of incidentally detected OVT is common in ovarian veins Treatment of incidentally cancer-associated OVT:
detected OVT cancer patients detected OVT in cancer ~17% at 1 year follow-up
post-gynecological cancer patients is still debated
surgery 13-80%
e  Flank pain and tenderness, ) )
gross haematuria, nausea, Mortality rat.es in
Prevalence of cancer in RVT vomiting (acute RVT) Doppler US: first line No specific Canger-assoaated RVT:
~48-66% (higher than usual e Asymptomatic or CTIz)I; MRI a.n ioeraphv: recommendations for RVT ~47% at 19 months
Renal vein thrombosis site VTE) pauci-symptomatic glograpay: Some anticoagulants might follow-up

Most common tumor: renal
cell carcinoma (~58-78%)

(chronic RVT)
Asymptomatic incidentally
detected RVT is common in
cancer patients

better visualization of the
renal veins

need dose adjustment
based on renal function

Recurrent VTE in
cancer-associated RVT: ~3%
at 42 months follow-up

Legend: BCS = Budd-Chiari syndrome, CT = computed tomography, DOAC = direct oral anticoagulants, LMWH = low molecular weight heparin, MPN = myeloproliferative neoplasms,
MRI = magnetic resonance imaging, MVT = mesenteric vein thrombosis, OVT = ovarian vein thrombosis, pt-y = patient-years, PVT = portal vein thrombosis, RVT = renal vein thrombosis,
SVT = splanchnic vein thrombosis, US = ultrasound, VTE = venous thromboembolism.



Cancers 2023, 15, 5293 11 of 14

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/ cancers15215293/s1, Table S1: Recent studies evaluating the anticoagulant treatment of
solid-cancer-associated splanchnic vein thrombosis; Table S2: Studies evaluating the epidemiology of
ovarian vein thrombosis in cancer patients.

Author Contributions: Conceptualisation: N.R. Writing—original draft: L.M.-B., A.L.B. and L M.A.
Writing—review and editing: A.G. and N.R. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: For the graphical abstract, parts of the figure were drawn using pictures from
Servier Medical Art. Servier Medical Art by Servier is licensed under a Creative Commons Attribution
3.0 Unported License (https://creativecommons.org/licenses/by/3.0/ (accessed on 20 October 2023).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

@

N o O

®

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Khorana, A.A.; Mackman, N.; Falanga, A.; Pabinger, I.; Noble, S.; Ageno, W.; Moik, F.; Lee, A.Y. Cancer-associated venous
thromboembolism. Nat. Rev. Dis. Prim. 2022, 8, 11. [CrossRef] [PubMed]

Grilz, E.; Posch, E; Nopp, S.; Konigsbriigge, O.; Lang, LM.; Klimek, P.; Thurner, S.; Pabinger, I.; Ay, C. Relative risk of arterial
and venous thromboembolism in persons with cancer vs. persons without cancer—A nationwide analysis. Eur. Heart ]. 2021, 42,
2299-2307. [CrossRef]

Walker, A J.; Card, T.R.; West, J.; Crooks, C.; Grainge, M.]. Incidence of venous thromboembolism in patients with cancer—a cohort
study using linked United Kingdom databases. Eur. J. Cancer 2013, 49, 1404-1413. [CrossRef]

Ladizinski, B.; Federman, D.G. Trousseau syndrome. CMA] 2013, 185, 1063. [CrossRef]

Varki, A. Trousseau’s syndrome: Multiple definitions and multiple mechanisms. Blood. 2007, 110, 1723-1729. [CrossRef] [PubMed]
Khorana, A.A. Malignancy, thrombosis and Trousseau: The case for an eponym. J. Thromb. Haemost. 2003, 1, 2463-2465. [CrossRef]
Kumar, D.R; Hanlin, E.; Glurich, I.; Mazza, ].].; Yale, S.H. Virchow’s contribution to the understanding of thrombosis and cellular
biology. Clin. Med. Res. 2010, 8, 168-172. [CrossRef] [PubMed]

Mukai, M.; Oka, T. Mechanism and management of cancer-associated thrombosis. J. Cardiol. 2018, 72, 89-93. [CrossRef] [PubMed]
Wrysokinski, W.E.; Houghton, D.E.; Vlazny, D.T.; Ashrani, A.A.; Froehling, D.A.; Kamath, P.S.; Meverden, R.A.; Hodge, D.O;
Peterson, L.G.; Lang, T.R. Influence of primary cancer site on clinical outcomes of anticoagulation for associated venous
thromboembolism. Thromb. Res. 2023, 221, 37-44. [CrossRef]

Ageno, W.; Dentali, F.; Pomero, F,; Fenoglio, L.; Squizzato, A.; Pagani, G.; Re, R.; Bonzini, M. Incidence rates and case fatality rates
of portal vein thrombosis and Budd-Chiari Syndrome. Thromb. Haemost. 2017, 117, 794-800.

Thatipelli, M.R.; McBane, R.D.; Hodge, D.O.; Wysokinski, W.E. Survival and recurrence in patients with splanchnic vein
thromboses. Clin. Gastroenterol. Hepatol. 2010, 8, 200-205. [CrossRef]

Riva, N.; Ageno, W.; Schulman, S.; Beyer-Westendorf, J.; Duce, R.; Malato, A.; Santoro, R.; Poli, D.; Verhamme, P.; Martinelli, I
Clinical history and antithrombotic treatment of incidentally detected splanchnic vein thrombosis: A multicentre, international
prospective registry. Lancet Haematol. 2016, 3, e267-e275. [CrossRef]

Tufano, A.; Ageno, W.; Di Micco, P; Niglio, A.; Rosa, V.; Ballaz, A.; Braester, A.; Rubio, C.M.; Isern, V.; Imbalzano, E. Outcomes
during anticoagulation in patients with symptomatic vs. incidental splanchnic vein thrombosis. Thromb. Res. 2018, 164, 69-74.
[CrossRef] [PubMed]

Valeriani, E.; Di Nisio, M.; Riva, N.; Caiano, L.M.; Porreca, E.; Bang, S.; Beyer-Westendorf, J.; Sartori, M.T.; Barillari, G.; Santoro, R.
Clinical history of cancer-associated splanchnic vein thrombosis. J. Thromb. Haemost. 2021, 19, 983-991. [CrossRef] [PubMed]
Handa, S.; Gupta, K.; Sterpi, M.; Khan, A.; Hoskote, A.; Kasi, A. Trends and In-Hospital Outcomes of Splanchnic Vein Thrombosis
Associated with Gastrointestinal Malignancies: A Nationwide Analysis. Gastrointest. Tumors 2021, 8, 71-80. [CrossRef] [PubMed]
Zanetto, A.; Senzolo, M.; Vitale, A,; Cillo, U.; Radu, C.; Sartorello, F.; Spiezia, L.; Campello, E.; Rodriguez-Castro, K.; Ferrarese, A.
Thromboelastometry hypercoagulable profiles and portal vein thrombosis in cirrhotic patients with hepatocellular carcinoma.
Dig. Liver Dis. 2017, 49, 440-445. [CrossRef]

Smalberg, ].H.; Arends, L.R; Valla, D.C.; Kiladjian, J.; Janssen, H.L.; Leebeek, EW. Myeloproliferative neoplasms in Budd-Chiari
syndrome and portal vein thrombosis: A meta-analysis. Blood 2012, 120, 4921-4928. [CrossRef]

How, J.; Zhou, A.; Oh, S.T. Splanchnic vein thrombosis in myeloproliferative neoplasms: Pathophysiology and molecular
mechanisms of disease. Ther. Adv. Hematol. 2017, 8, 107-118. [CrossRef]

Seogaard, K.K.; Farkas, D.K,; Pedersen, L.; Serensen, H.T. Splanchnic venous thrombosis is a marker of cancer and a prognostic
factor for cancer survival. Blood 2015, 126, 957-963. [CrossRef]

Ageno, W.; Riva, N.; Schulman, S.; Beyer-Westendorf, J.; Bang, S.M.; Senzolo, M.; Grandone, E.; Pasca, S.; Di Minno, M.N.; Duce,
R. Long-term clinical outcomes of splanchnic vein thrombosis: Results of an international registry. JAMA Intern. Med. 2015, 175,
1474-1480. [CrossRef]


https://www.mdpi.com/article/10.3390/cancers15215293/s1
https://www.mdpi.com/article/10.3390/cancers15215293/s1
https://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1038/s41572-022-00336-y
https://www.ncbi.nlm.nih.gov/pubmed/35177631
https://doi.org/10.1093/eurheartj/ehab171
https://doi.org/10.1016/j.ejca.2012.10.021
https://doi.org/10.1503/cmaj.121344
https://doi.org/10.1182/blood-2006-10-053736
https://www.ncbi.nlm.nih.gov/pubmed/17496204
https://doi.org/10.1111/j.1538-7836.2003.00501.x
https://doi.org/10.3121/cmr.2009.866
https://www.ncbi.nlm.nih.gov/pubmed/20739582
https://doi.org/10.1016/j.jjcc.2018.02.011
https://www.ncbi.nlm.nih.gov/pubmed/29588087
https://doi.org/10.1016/j.thromres.2022.11.005
https://doi.org/10.1016/j.cgh.2009.09.019
https://doi.org/10.1016/S2352-3026(16)30020-5
https://doi.org/10.1016/j.thromres.2018.02.143
https://www.ncbi.nlm.nih.gov/pubmed/29499439
https://doi.org/10.1111/jth.15214
https://www.ncbi.nlm.nih.gov/pubmed/33306241
https://doi.org/10.1159/000513368
https://www.ncbi.nlm.nih.gov/pubmed/33981685
https://doi.org/10.1016/j.dld.2016.12.019
https://doi.org/10.1182/blood-2011-09-376517
https://doi.org/10.1177/2040620716680333
https://doi.org/10.1182/blood-2015-03-631119
https://doi.org/10.1001/jamainternmed.2015.3184

Cancers 2023, 15, 5293 12 of 14

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.
45.

De Stefano, V.; Martinelli, I. Splanchnic vein thrombosis: Clinical presentation, risk factors and treatment. Intern. Emerg. Med.
2010, 5, 487-494. [CrossRef] [PubMed]

Riva, N.; Attard, L.M.; Vella, K.; Squizzato, A.; Gatt, A.; Calleja-Agius, J. Diagnostic accuracy of D-dimer in patients at high-risk
for splanchnic vein thrombosis: A systematic review and meta-analysis. Thromb. Res. 2021, 207, 102-112. [CrossRef] [PubMed]
Riva, N.; Ageno, W. Clinical manifestations and imaging tools in the diagnosis of splanchnic and cerebral vein thromboses.
Thromb. Res. 2018, 163, 252-259. [CrossRef]

Ageno, W.; Squizzato, A.; Togna, A.; Magistrali, F.; Mangini, M.; Fugazzola, C.; Dentali, F. Incidental diagnosis of a deep vein
thrombosis in consecutive patients undergoing a computed tomography scan of the abdomen: A retrospective cohort study.
J. Thromb. Haemost. 2012, 10, 158-160. [CrossRef] [PubMed]

Di Nisio, M.; Valeriani, E.; Riva, N.; Schulman, S.; Beyer-Westendorf, J.; Ageno, W. Anticoagulant therapy for splanchnic vein
thrombosis: ISTH SSC Subcommittee Control of Anticoagulation. J. Thromb. Haemost. 2020, 18, 1562-1568. [CrossRef]

Cohen, O.; Caiano, L.M.; Tufano, A.; Ageno, W. Cancer-Associated Splanchnic Vein Thrombosis. Semin Thromb Hemost. 2021, 47,
931-941. [CrossRef]

Sule, A.A.; Joseph, ].B.; Chew, S.C.; George, J.; Chin, T.]. Exploring the outcomes of portal vein thrombosis in the clinical setting
of cirrhosis, malignancy, and intra-abdominal infections with and without anticoagulation: A retrospective 5-year study. Int.
J. Angiol. 2018, 27, 208-212.

Regnault, H.; Emambux, S.; Lecomte, T.; Doat, S.; Dhooge, M.; Besson, M.; Dubreuil, O.; Moryoussef, F; Silvain, C.; Bachet, J.
Clinical outcome of portal vein thrombosis in patients with digestive cancers: A large AGEO multicenter study. Dig. Liver Dis.
2018, 50, 285-290. [CrossRef]

Afzal, A.; Suhong, L.; Gage, B.F,; Schoen, M.W.; Carson, K.; Thomas, T.; Sanfilippo, K. Splanchnic vein thrombosis predicts worse
survival in patients with advanced pancreatic cancer. Thromb. Res. 2020, 185, 125-131. [CrossRef]

Kang, M.; Suh, K.J.; Kim, J.; Byun, ].M,; Kim, ] W,; Lee, ].Y.; Lee, ].; Bang, S.; Kim, Y.J.; Kim, S.H. Clinical characteristics and disease
course of splanchnic vein thrombosis in gastrointestinal cancers: A prospective cohort study. PLoS ONE 2022, 17, e0261671.
[CrossRef]

Valeriani, E.; Di Nisio, M.; Riva, N.; Cohen, O.; Garcia-Pagan, J.; Magaz, M.; Porreca, E.; Ageno, W. Anticoagulant therapy for
splanchnic vein thrombosis: A systematic review and meta-analysis. Blood 2021, 137, 1233-1240. [CrossRef] [PubMed]
Candeloro, M.; Valeriani, E.; Monreal, M.; Ageno, W.; Riva, N.; Schulman, S.; Bang, S.; Mellado, M.; Diaz-Peromingo, J.A.; Moisés,
J. Clinical course and treatment of incidentally detected splanchnic vein thrombosis: An individual patient data meta-analysis.
J. Thromb. Haemost. 2023, 21, 1592-1600. [CrossRef] [PubMed]

Segaard, K K.; Darvalics, B.; Horvath-Puhd, E.; Serensen, H.T. Survival after splanchnic vein thrombosis: A 20-year nationwide
cohort study. Thromb. Res. 2016, 141, 1-7. [CrossRef] [PubMed]

Dunnihoo, D.R; Gallapsy, ] W.; Wise, R.B.; Otterson, W.N. Postpartum ovarian vein thrombophlebitis: A review. Obstet. Gynecol.
Surv. 1991, 46, 415-427. [CrossRef] [PubMed]

Brown, TK.; Munsick, R.A. Puerperal ovarian vein thrombophlebitis: A syndrome. Obstet. Gynecol. 1971, 109, 263-273. [CrossRef]
Takahashi, Y.; Takei, Y.; Taneichi, A.; Takahashi, S.; Yoshiba, T.; Koyanagi, T.; Saga, Y.; Fujiwara, H. Ovarian vein thrombosis
after gynecological malignant tumor surgery with adnexectomy: Clinical features and outcomes. Thromb. Res. 2021, 203, 90-92.
[CrossRef]

Yassa, N.A.; Ryst, E. Ovarian vein thrombosis: A common incidental finding in patients who have undergone total abdominal
hysterectomy and bilateral salpingo-oophorectomy with retroperitoneal lymph node dissection. AJR. Am. J. Roentgenol. 1999,
172, 45-47. [CrossRef]

Mantha, S.; Sarasohn, D.; Ma, W.; Devlin, S.M.; Chi, D.S.; Roche, K.L.; Suidan, R.S.; Woo, K_; Soff, G.A. Ovarian vein thrombosis
after debulking surgery for ovarian cancer: Epidemiology and clinical significance. Obstet. Gynecol. 2015, 213, 208.e1-208.e4.
[CrossRef]

Assal, A.; Kaner, ].D.; Danda, N.; Cohen, H.W.; Billett, H.H. Risk factors and prognosis of ovarian vein thrombosis. Blood Coagul.
Fibrinol. 2017, 28, 468-474. [CrossRef]

Lenz, C.J.; Wysokinski, W.E.; Henkin, S.; Cohoon, K.P.; Casanegra, A.; Simmons, B.S.; Saadiq, R.A.; Daniels, P.R.; Wysokinska,
E.M.; Bjarnason, H. Ovarian vein thrombosis: Incidence of recurrent venous thromboembolism and survival. Obstet. Gynecol.
2017, 130, 1127-1135. [CrossRef]

Alsheef, M.; Abuzied, Y.; Alosaimi, M.; Altamimi, A.; Alwazna, Q.; Almahmood, Q.; AlBulushi, N.A.; Almutair, J.; Zaidi, A.R.Z.;
Gray, J. Clinical characteristics and management of ovarian vein thrombosis: A case series. Front. Cardiovasc. Med. 2022, 9, 916920.
[CrossRef]

Gakhal, M.S.; Levy, HM.; Spina, M.; Wrigley, C. Ovarian vein thrombosis: Analysis of patient age, etiology, and side of
involvement. Del. Med. ]. 2013, 85, 45-50, quiz 59.

Kominiarek, M.A.; Hibbard, ]J.U. Postpartum ovarian vein thrombosis: An update. Obstet. Gynecol. Surv. 2006, 61, 337-342.
[CrossRef] [PubMed]

Riva, N.; Calleja-Agius, J. Ovarian vein thrombosis: A narrative review. Himostaseologie 2021, 41, 257-266. [CrossRef] [PubMed]
Salomon, O.; Dulitzky, M.; Apter, S. New observations in postpartum ovarian vein thrombosis: Experience of single center. Blood
Coagul. Fibrinol. 2010, 21, 16-19. [CrossRef] [PubMed]


https://doi.org/10.1007/s11739-010-0413-6
https://www.ncbi.nlm.nih.gov/pubmed/20532730
https://doi.org/10.1016/j.thromres.2021.09.016
https://www.ncbi.nlm.nih.gov/pubmed/34600286
https://doi.org/10.1016/j.thromres.2017.06.030
https://doi.org/10.1111/j.1538-7836.2011.04565.x
https://www.ncbi.nlm.nih.gov/pubmed/22099372
https://doi.org/10.1111/jth.14836
https://doi.org/10.1055/s-0040-1722607
https://doi.org/10.1016/j.dld.2017.11.001
https://doi.org/10.1016/j.thromres.2019.11.023
https://doi.org/10.1371/journal.pone.0261671
https://doi.org/10.1182/blood.2020006827
https://www.ncbi.nlm.nih.gov/pubmed/32911539
https://doi.org/10.1016/j.jtha.2023.03.002
https://www.ncbi.nlm.nih.gov/pubmed/36907381
https://doi.org/10.1016/j.thromres.2016.02.024
https://www.ncbi.nlm.nih.gov/pubmed/26945454
https://doi.org/10.1097/00006254-199107000-00002
https://www.ncbi.nlm.nih.gov/pubmed/1876354
https://doi.org/10.1016/0002-9378(71)90874-X
https://doi.org/10.1016/j.thromres.2021.05.002
https://doi.org/10.2214/ajr.172.1.9888736
https://doi.org/10.1016/j.ajog.2015.02.028
https://doi.org/10.1097/MBC.0000000000000623
https://doi.org/10.1097/AOG.0000000000002319
https://doi.org/10.3389/fcvm.2022.916920
https://doi.org/10.1097/01.ogx.0000216564.53044.f1
https://www.ncbi.nlm.nih.gov/pubmed/16635274
https://doi.org/10.1055/a-1306-4327
https://www.ncbi.nlm.nih.gov/pubmed/33348392
https://doi.org/10.1097/MBC.0b013e32832f2ada
https://www.ncbi.nlm.nih.gov/pubmed/19587586

Cancers 2023, 15, 5293 13 of 14

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Garcia, J.; Aboujaoude, R.; Apuzzio, J.; Alvarez, ].R. Septic pelvic thrombophlebitis: Diagnosis and management. Infect. Dis.
Obstet. Gynecol. 2006, 2006, 015614. [CrossRef]

Smith, M.D.; Felker, R.E.; Emerson, D.S.; Livingston, J.C.; Egerman, R.S. Sonographic visualization of ovarian veins during the
puerperium: An assessment of efficacy. Obstet. Gynecol. 2002, 186, 893-895. [CrossRef]

Tait, R.C.; Baglin, T.; Watson, H.; Laffan, M.; Makris, M.; Perry, D.; Keeling, D. Guidelines on the investigation and management
of venous thrombosis at unusual sites. Br. J. Haematol. 2012, 159, 28-38. [CrossRef] [PubMed]

Bannow, B.T.S.; Skeith, L. Diagnosis and management of postpartum ovarian vein thrombosis. Hematology Am Soc Hematol Educ
Program. 2017, 2017, 168-171. [CrossRef] [PubMed]

Chan, W,; Rey, E.; Kent, N.E.; Corbett, T.; David, M.; Douglas, M.].; Gibson, P.S.; Magee, L.; Rodger, M.; Smith, R.E. Venous
thromboembolism and antithrombotic therapy in pregnancy. J. Obstet. Gynaecol. Can. 2014, 36, 527-553. [CrossRef] [PubMed]
Zoller, B.; Li, X.; Sundquist, J.; Sundquist, K. Familial risks of unusual forms of venous thrombosis: A nationwide epidemiological
study in Sweden. J. Intern. Med. 2011, 270, 158-165. [CrossRef] [PubMed]

Ouellette, A.C.; Darling, E.K.; Sivapathasundaram, B.; Babe, G.; Perez, R.; Chan, A.K.; Chanchlani, R. Incidence, risk factors,
and outcomes of neonatal renal vein thrombosis in Ontario: Population-based cohort study. Kidney360 2020, 1, 640. [CrossRef]
[PubMed]

Asghar, M.; Ahmed, K.; Shah, S.S.; Siddique, M.K.; Dasgupta, P.; Khan, M.S. Renal vein thrombosis. Eur. J. Vasc. Endovasc. Surg.
2007, 34, 217-223. [CrossRef] [PubMed]

Llach, F. Thromboembolic complications in nephrotic syndrome: Coagulation abnormalities, renal vein thrombosis, and other
conditions. Postgrad. Med. 1984, 76, 111-123. [CrossRef] [PubMed]

Kuhlmann, U.; Steurer, J.; Bollinger, A.; Pouliadis, G.; Briner, J.; Siegenthaler, W. Incidence and clinical significance of thromboses
and thrombo-embolic complications in nephrotic syndrome patients. Schweiz. Med. Wochenschr. 1981, 111, 1034-1040.
Wysokinski, W.E.; Gosk-Bierska, I.; Greene, E.L.; Grill, D.; Wiste, H.; McBane II, R.D. Clinical characteristics and long-term
follow-up of patients with renal vein thrombosis. Am. ]. Kidney Dis. 2008, 51, 224-232. [CrossRef]

Rottenstreich, A.; Barzilai, M.; Da’as, N.; Kleinstern, G.; Varon, D.; Kalish, Y. Active malignancy in patients with renal vein
thrombosis: Influence upon clinical course and survival. Clin. Exp. Nephrol. 2017, 21, 49-54. [CrossRef]

Oltean, M.; Matuz, R; Sitar-Taut, A.; Mihailov, A.; Rednic, N.; Tantau, A.; Toganel, R.; Minciuna, I.; Orasan, O.; Muresan, F. Renal
cell carcinoma with extensive tumor thrombus into the inferior vena cava and right atrium in a 70-year-old man. Am. |. Men's
Health 2019, 13, 1557988319846404. [CrossRef]

Quencer, K.B; Friedman, T.; Sheth, R.; Oklu, R. Tumor thrombus: Incidence, imaging, prognosis and treatment. Cardiovasc. Diagn.
Ther. 2017, 7, S165. [CrossRef]

Ng, L.; Libertino, ].M. Adrenocortical carcinoma: Diagnosis, evaluation and treatment. J. Urol. 2003, 169, 5-11. [CrossRef]

Lee, I].; Chung, ].W.; Kim, H.; Yin, YH.; So, Y.H.; Jeon, U.B.; Jae, H.].; Cho, B.H.; Park, ].H. Extrahepatic collateral artery supply to
the tumor thrombi of hepatocellular carcinoma invading inferior vena cava: The prevalence and determinant factors. J. Vasc.
Interv. Radiol. 2009, 20, 22-29. [PubMed]

Kokudo, T.; Hasegawa, K.; Matsuyama, Y.; Takayama, T.; Izumi, N.; Kadoya, M.; Kudo, M.; Kubo, S.; Sakamoto, M.; Nakashima,
O. Liver resection for hepatocellular carcinoma associated with hepatic vein invasion: A Japanese nationwide survey. Hepatology
2017, 66, 510-517. [PubMed]

Witz, M.; Korzets, Z. Renal vein occlusion: Diagnosis and treatment. Isr. Med. Assoc. |. 2007, 9, 402-405. [PubMed]

Brandao, L.R.; Simpson, E.A.; Lau, K.K. Neonatal Renal Vein Thrombosis. Semin Fetal Neonatal Med. 2011, 16, 323-328.

Avasthi, PS.; Greene, E.R.; Scholler, C.; Fowler, C.R. Noninvasive diagnosis of renal vein thrombosis by ultrasonic echo-Doppler
flowmetry. Kidney Int. 1983, 23, 882-887. [PubMed]

Alvarez-Castells, A. Computerized tomography angiography of the renal vessels. Arch. Espaiioles Urol. 2001, 54, 603-615.
Zhang, L.J.; Wu, X,; Yang, G.F,; Tang, C.X,; Luo, S.; Zhou, C.S,; Ji, XM.; Lu, G.M. Three-dimensional contrast-enhanced magnetic
resonance venography for detection of renal vein thrombosis: Comparison with multidetector CT venography. Acta Radiol. 2013,
54, 1125-1131. [CrossRef] [PubMed]

Stone, J.; Hangge, P.; Albadawi, H.; Wallace, A.; Shamoun, F; Knuttien, M.G.; Naidu, S.; Oklu, R. Deep vein thrombosis:
Pathogenesis, diagnosis, and medical management. Cardiovasc. Diagn. Ther. 2017, 7, 5276. [CrossRef]

Ahmed, R.; Covut, F; Kewan, T.; Haddad, A.; Daw, H. Treatment of Acute Renal Vein Thrombosis With Direct Oral Anticoagulants:
A Case Series. Am. |. Ther. 2022, 30, 162-164.

Caruana, J.; Riva, N.; Vella, K.; Davenport, A.; Gatt, A. Navigating through the haemostatic paradox in kidney failure: A practical
overview. Br. |. Haematol. 2023, 202, 230-247.

Steffel, J.; Verhamme, P; Potpara, T.S.; Albaladejo, P.; Antz, M.; Desteghe, L.; Haeusler, K.G.; Oldgren, J.; Reinecke, H;
Roldan-Schilling, V. The 2018 European Heart Rhythm Association Practical Guide on the use of non-vitamin K antagonist oral
anticoagulants in patients with atrial fibrillation. Eur. Heart ]. 2018, 39, 1330-1393. [PubMed]

Falanga, A.; Ay, C.; Di Nisio, M.; Gerotziafas, G.; Jara-Palomares, L.; Langer, F.; Lecumberri, R.; Mandala, M.; Maraveyas, A.;
Pabinger, I. Venous thromboembolism in cancer patients: ESMO Clinical Practice Guideline. Ann. Oncol. 2023, 34, 452-467.
[PubMed]


https://doi.org/10.1155/IDOG/2006/15614
https://doi.org/10.1067/mob.2002.123990
https://doi.org/10.1111/j.1365-2141.2012.09249.x
https://www.ncbi.nlm.nih.gov/pubmed/22881455
https://doi.org/10.1182/asheducation-2017.1.168
https://www.ncbi.nlm.nih.gov/pubmed/29222252
https://doi.org/10.1016/S1701-2163(15)30569-7
https://www.ncbi.nlm.nih.gov/pubmed/24927193
https://doi.org/10.1111/j.1365-2796.2010.02326.x
https://www.ncbi.nlm.nih.gov/pubmed/21129048
https://doi.org/10.34067/KID.0000912019
https://www.ncbi.nlm.nih.gov/pubmed/35372933
https://doi.org/10.1016/j.ejvs.2007.02.017
https://www.ncbi.nlm.nih.gov/pubmed/17543556
https://doi.org/10.1080/00325481.1984.11698782
https://www.ncbi.nlm.nih.gov/pubmed/6238292
https://doi.org/10.1053/j.ajkd.2007.10.030
https://doi.org/10.1007/s10157-016-1245-0
https://doi.org/10.1177/1557988319846404
https://doi.org/10.21037/cdt.2017.09.16
https://doi.org/10.1016/S0022-5347(05)64023-2
https://www.ncbi.nlm.nih.gov/pubmed/19026566
https://www.ncbi.nlm.nih.gov/pubmed/28437844
https://www.ncbi.nlm.nih.gov/pubmed/17591386
https://www.ncbi.nlm.nih.gov/pubmed/6224961
https://doi.org/10.1177/0284185113490152
https://www.ncbi.nlm.nih.gov/pubmed/23794130
https://doi.org/10.21037/cdt.2017.09.01
https://www.ncbi.nlm.nih.gov/pubmed/29562325
https://www.ncbi.nlm.nih.gov/pubmed/36638869

Cancers 2023, 15, 5293 14 of 14

73.

74.

75.

76.

Kahale, L.A.; Hakoum, M.B.; Tsolakian, I.G.; Alturki, F; Matar, C.E; Terrenato, L; Sperati, F; Barba, M.; Yosuico, V.E.; Schiinemann,
H. Anticoagulation for the long-term treatment of venous thromboembolism in people with cancer. Cochrane Database Syst. Rev.
2018, 6, CD006650. [PubMed]

Attard, L.M.; Gatt, A ; Bertoletti, L.; Delluc, A.; Riva, N. Direct Oral Anticoagulants for the Prevention and Acute Treatment of
Cancer-Associated Thrombosis. Vasc. Health Risk Manag. 2022, 18, 793-807. [PubMed]

Key, N.S.; Khorana, A.A.; Kuderer, N.M.; Bohlke, K; Lee, A.Y.; Arcelus, ].I.; Wong, S.L.; Balaban, E.P.; Flowers, C.R.; Francis, C.W.
Venous thromboembolism prophylaxis and treatment in patients with cancer: ASCO clinical practice guideline update. J. Clin.
Oncol. 2020, 38, 496-520. [CrossRef]

Le Gal, G.; Carrier, M.; Castellucci, L.A.; Cuker, A.; Hansen, J.; Klok, F.A.; Langlois, N.J.; Levy, J].H.; Middeldorp, S.; Righini,
M. Development and implementation of common data elements for venous thromboembolism research: On behalf of SSC
Subcommittee on official Communication from the SSC of the ISTH. |. Thromb. Haemost. 2021, 19, 297-303. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://www.ncbi.nlm.nih.gov/pubmed/29920657
https://www.ncbi.nlm.nih.gov/pubmed/36268462
https://doi.org/10.1200/JCO.19.01461
https://doi.org/10.1111/jth.15138
https://www.ncbi.nlm.nih.gov/pubmed/33405381

	Introduction 
	Splanchnic Vein Thrombosis 
	Epidemiology 
	Clinical Presentation 
	Diagnosis 
	Treatment 
	Prognosis 

	Ovarian Vein Thrombosis 
	Epidemiology 
	Clinical Presentation 
	Diagnosis 
	Treatment 
	Prognosis 

	Renal Vein Thrombosis 
	Epidemiology 
	Clinical Presentation 
	Diagnosis 
	Treatment 
	Prognosis 

	Guidelines for Cancer-Associated Venous Thromboembolism 
	Conclusions 
	References

