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Introduction Venous thrombosis is a well-known complication of cancer disease, especially in Urology.
However, even though proper antithrombotic prophylaxis is crucial in most urological procedures, we
have insufficient high-quality studies on this topic. The European Association of Urology (EAU) Guide-
lines are outdated and lack data on COVID-19 increased risk of thrombosis. This review aimed to sum-
marize data on thromboprophylaxis after radical prostatectomy, cystectomy, and nephrectomy during
COVID-19 pandemic.

Material and methods A thorough analysis of the EAU Guidelines of Thromboprophylaxis was performed
and compared to PubMed search, considering updated literature on thromboprophylaxis of radical pros-
tatectomy, cystectomy, nephrectomy, as well as COVID-19 influence on venous thrombosis and urological

‘ practice.
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Results Each patient should be evaluated individually to balance bleeding and venous thromboembo-
lism (VTE) risk. There is still much uncertainty in low and medium-risk patients and all endoscopic pro-
cedures, where thromboprophylaxis could be omitted. Patients with COVID infection bear a significantly
higher risk of VTE. All patients should be tested for COVID infection prior to a planned surgery during
bursts of infections, undependably of vaccination status. Efforts to maintain early cancer diagnosis and
treatment during the pandemic should be maintained.

Conclusions The quality of evidence is inadequate, and when deciding on thromboprophylaxis, we need
to base it on individual risk, cancer advancement, procedure type, and our own experience.

Key Words: thrombosis <> venous thromboembolism <> thromboprophylaxis
o urologic neoplasms <> COVID-19

INTRODUCTION

Venous thrombosis is a well-known complication of
cancer disease. Every healthy patient presenting with
venous thromboembolism (VTE) episode should be
investigated for cancer. Tumor type, the stage, and
treatment modality are major risk factors of VTE.
Furthermore, age, immobilization, surgeries, and co-
morbidities will also influence thrombotic complica-
tions. Cancer treatment also contributes to increas-
ing cancer patients' thrombotic risk [1]. Even though
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proper antithrombotic prophylaxis is crucial in most
urological procedures, we have insufficient high-
quality studies on this topic. The use of thrombopro-
phylaxis in urological procedures is common but not
standardized [2]. The current European Association
of Urology (EAU) Guidelines on thromboprophy-
laxis tried to summarize all available data. Although
most guidelines are in line with standard practices,
some still cause controversies and have only a weak
level of evidence. Even though the guidelines were
published in 2020, the latest updated references are
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from 2018, before the COVID-19 pandemic started
[3]. Although in 2020, EAU Guidelines Office Rapid
Reaction Group published "An organization-wide
collaborative effort to adapt the EAU guidelines
recommendations to the COVID-19 era", which ad-
dressed many clinical problems, thromboprophylaxis
was omitted [4].

This review aimed to summarize the pathophysiology
and rationale of using thromboprophylaxis in differ-
ent urological cancer surgeries. In addition, we high-
lighted differences between current EAU Guidelines
with standard practices. Finally, we also summarized
the limited data about the effect of COVID-19 infec-
tion on urological practice and venous thrombosis.

MATERIAL AND METHODS

A thorough analysis of the EAU Guidelines of Throm-
boprophylaxis was performed and compared to PubMed
search, considering updated literature on thrombopro-
phylaxis of radical prostatectomy, cystectomy, nephrec-
tomy, as well as COVID-19 influence on venous throm-
bosis and urological practice.

RESULTS

General considerations about pathophysiology
thromboembolism

The hypercoagulable state in cancer is multifactorial.

Tumor cells can directly activate the blood clotting

cascade and cause thrombosis. They induce pro-coag-

ulant properties and inhibit anticoagulant properties
of vascular endothelial cells, platelets, monocytes,
and macrophages. Consequently, local and systemic
effects of cancer (e.g., stasis induced by prolonged bed
rest or vascular invasion by the tumor), together with
iatrogenic complications of the treatment of cancer

(e.g., the use of central venous catheters and angio-

pathic chemotherapy), this basic pathophysiology

conspires to make cancer perhaps the best example
of "acquired thrombophilia" [5]. The hypercoagulabil-
ity state can be activated by:

1) Tissue factors (TF) expressed by tumor cells, en-
dothelial cells, and monocytes. First, plasma fac-
tor VII binds to TF, making FVIIa. FVIIa cut fac-
tor X in the next step, changing it into an active
form - FXa. In the end, FXa induces thrombin
generation, which induces fibrinogen coagulation
into fibrin that forms the clot.

2) Tumor cells express TF and cancer pro-coag-
ulant factors. Tumor cells eventually release
TF-procoagulant microparticles into the circula-
tion that may later trigger VI'E. Moreover, me-
tastasis can release TF on circulating tumor cells,

which leads to the adhesion of the cells with fibrin
that stops them within the microvasculature. In
addition to coagulation activation, it was proven
that TF-VIIa using protease-activated receptors
PAR2 in tumor cells form TF-VIIa-PAR2 complex
that inducing proangiogenic and immune-modu-
lating cytokines, chemokines, and growth factors
promoting cancer progression.

3) Tumor cells secrete proinflammatory cytokines
responsible for TF expression on endothelial cells
such as TNF-a. It can regulate the level of throm-
bomodulin, the surface receptor for thrombin,
at the surface of endothelial cells.

4) Tumor cells, due to interaction with monocytes-
macrophages, induce TF expression by these cells.

5) Tumor cells express and release the receptor for
protein C. With its receptor and cofactor (protein
S), this protein can degrade factors VIa and VIIIa.

Several methods are available for thromboprophylax-

is, which are routinely used in the perioperative set-

ting to prevent VTE and its attendant complications

[6]. The mechanical devices reduce venous stasis

in the lower extremities and release antithrombotic

factors from leg muscles. They mainly include grad-
uated compression stockings (GCS), intermittent
pneumatic compression (IPC) devices, and venous
foot pumps (VFP). Pharmacologic thromboprophy-
laxis is achieved with subcutaneous low molecular
weight heparin (LMWH) or low dose unfractionated
heparin (LDUH) [7]. Warfarin and new anticoagu-
lants are not widely used in this recommendation [7].

Individual risk assessment for venous
thromboembolism

No matter the performed surgery and specific cancer
type, underlying comorbidities play a significant role
in VTE risk. As for this publication's need, we pres-
ent the same risk assessment tool as presented in the
EAU guidelines — see Table 1. It offers a quick refer-
ence that is easy to use in daily practice [3].
Nevertheless, if possible, the individual risk of VTE
should be carefully assessed. Tools such as the Cap-
rini score seem to be more accurate and aid our deci-
sion-making [8, 9].

Effect of COVID-19 infection on thromboembolic
risk and urological practice

It was quickly discovered that COVID-19 signifi-
cantly affects the risk of thromboembolic events [10].
The pro-coagulant mechanism may include variables
such as increased Factor V [11], lupus anticoagulant
[12], reduction of the von Willebrand factor inhibitor
[13], amplification of thrombin generation [14], in-
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Table 1. Risk of VTE according to age and comorbidities

Risk group Risk factor Risk of VTE

Low risk No risk factors 1X
Any one of the following:
age 75 years or more;

Medium risk body mass index 35 or more; 2X
VTE in 1% degree relative (parent, full
sibling, or child)
Prior VTE

High risk Patients with any combination of two 4X

or more risk factors

VTE — venous thromboembolism

creased levels of plasminogen activator inhibitor type
1, and hypofibrinolytic state [15]. The mechanism is
suggested to be similar to disseminated intravascular
coagulation [15].

Doglietto et al. [16] showed that unvaccinated pa-
tients with perioperative positive test results for
COVID-19 had a highly increased risk of thrombo-
embolic complications compared to patients with
negative tests (OR-13.2) [16]. In unvaccinated pa-
tients treated due to COVID-19 in the Intensive
Care Unit, the thromboembolic incidence is 20-43%
[17, 18]. Bearing in mind the risk of an asymptom-
atic course of COVID-19 infection, the European
Society of Clinical Microbiology and Infectious Dis-
eases suggested testing for COVID-19 in all patients
before the planned surgeries (within at most 48-72
hours) independent of their vaccination status [19].
Unfortunately, the is no data available on the effect
of COVID-19 infection on radical prostatectomy,
cystectomy, nor nephrectomy, therefore we can base
only on the general surgical experiences [16].
Recently, some authors reported a delay in diagnos-
ing the bladder cancer, resulting in more severe cas-
es [20, 21]. In addition, fewer prostate biopsies were
performed, the number of radical prostatectomies
dropped by around 20%, and the amount of locally
advanced and metastatic prostate cancer disease in-
creased [22, 23]. Most probably, it is caused by the
delay of early diagnostics. Advanced cancers may
bear a higher risk of thromboembolic complications,
especially in the metastatic setting or after neoadju-
vant therapy [24, 25].

Prostate cancer

Prostate cancer is one of the most common cancer in
men, with over one million patients diagnosed year-
ly worldwide and accounting for 15% of all cancers
diagnosed [26]. The frequency of autopsy-detected
prostate cancer (PCa) is roughly the same world-
wide. There is relatively less variation in mortality

rates worldwide, although rates are generally high
in African descent populations, intermediate in the
USA, and very low in Asia. Prostate cancer is associ-
ated with an increased risk of thromboembolic dis-
eases such as pulmonary embolism (PE) or deep vein
thrombosis. Data on the relationship between pros-
tate cancer and thromboembolic diseases are sparse.
The overall risk in patients with prostate cancer
is four-time higher than in the general population.
Several factors play a role in hypercoagulability state
pathogenesis. The most potentate risk factors are
as follow age and endocrine treatment. Prostate can-
cer can be treated with curative intention — primarily
by operations (radical prostatectomy — open surgery,
laparoscopic and robotic-associated), radiotherapy
(external beams, brachytherapy, or CyberKnife).
When it fails or prostate cancer is too advanced
(N+ or M+), only palliative treatment is available
(endocrine — sometimes combined with chemother-
apy). In the first months, the risk increases in en-
docrinological and curative treatment, mainly in the
first six months, especially for deep-venous throm-
bosis and pulmonary embolism. For arterial embo-
lism, the trend is not so visible [27]. Following EAU
guidelines, the operator should consider pharma-
cological prophylaxis in almost every open surgery
or extended pelvic lymph node dissection (PLND)
[3, 28]. There is proven that minimal invasive opera-
tion has minimal risk of VTE [3, 28, 29]. In common
practice, only in limited situations are pharmacologi-
cal prophylaxis omitted, and mechanical prophylaxis
is introduced in any prostate cancer surgery. A pro-
phylaxis continuation should be continued in high-
risk VTE patients after discharge [30].

On the contrary, EAU guidelines recommend against
using thromboprophylaxis in case of minimally inva-
sive procedures and robotic and laparoscopic pros-
tatectomies without pelvic lymph node dissections
(PLND) in all patients and patients at medium and
high risk of VTE in case of performing PNLD. Sur-
prisingly, the same guidelines recommend against
using mechanical prophylaxis in laparoscopic and
robotic prostatectomies without PNLD in patients
at low risk of VTE.

Unfortunately, the mentioned above controversial
recommendation strength is weak. We have to bear
in mind that there is a considerable risk of selection
bias in studies upon which the recommendations
were prepared. The majority of data from systematic
review and meta-analysis prepared by K Tikkinen
et al. were included in studies where the certainty
of estimates was low to moderate at best, and the
risk of bias was relatively high [31]. Guidelines with
strong recommendations mainly refer to open pros-
tatectomies where we should use prophylaxis in ev-
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ery patient and all patients with a high risk of VTE
undergoing PLND [3].

The vast majority of scientific research concerns pa-
tients with hormone- and chemotherapy. [27, 32, 33,
34]. Significant impact on risk factors has the pres-
ents of metastases.

The duration of the use of anticoagulant prophylaxis
remains an open question. No randomized study has
been performed to determine the optimal duration
of prophylaxis in almost every urological operation.
Moreover - there is no consensus in worldwide state-
ments in urological associations due to the lack of
high-level research [35, 36].

Kidney cancer

Renal cell carcinoma represents around 3% of all can-
cers, with the highest incidence occurring in Western
countries [37]. Until recently, there has been an annu-
al increase of about 2% in incidence worldwide in the
last two decades. Only in the European Union in 2018,
almost 100 thousand new cases of renal cell carcinoma
(RCC) and almost 40 thousand kidney cancer-related
deaths were recorded [37]. RCC is associated with
a high risk of VTE. In localized disease, the risk rate is
approximately 1.3%, and it grows to 3.8% in regionally
advanced disease during 2-year follow-up after optimal
treatment (nephrectomy/tumorectomy) [38]. Tumor
thrombus is a unique feature of RCC. Nevertheless,
only a few studies have reported its clinical effect on
the occurrence of venous thromboembolism. Patients
with tumor thrombus had a significantly higher VTE
incidence than those without thrombus. It can be as-
sociated with formatting thrombus on suturing site
suturing vena cava inferior following removing the
cloth. In univariable analysis, the major risk factors
were age above 60 years, advanced T stage, the pres-
ence of tumor thrombus, an increased preoperative
platelet count (>400 x 103/uL)) and CRP (>0.5 mg/dL)
was associated with a significantly increased inci-
dence of VTE when all patients were considered [6].
Additionally, tumor thrombus was independently as-
sociated with worse progression-free survival (PFS),
but not overall survival in multivariable analysis [6].
Nevertheless, postoperative management is vastly
different among urological centers —-mainly after hos-
pitalizations. EAU guidelines and most available pub-
lications recommend using thromboprophylaxis in
such a case [3, 35].

In actual EAU guidelines pros and cons of using
thromboprophylaxis in renal surgery are widely dif-
ferent (for pharmacological prophylaxis) — depend-
ing on the extent of the procedure and its modal-
ity of surgery [nephrectomy/tumorectomy; open/
laparo- scopic; with/without inferior vena cave (IVC)

thrombus] [3, 30, 39, 40]. Only mechanical prophy-
laxis is recommended in all options. The majority
of recommendations certainty is graded very low,
as the quality of evidence is insufficient [3]. The
aforementioned guidelines are based on several stud-
ies, which are inconsistent with VTE's definitions
and bleeding. Furthermore, many of included stud-
ies have no control arm [35]. We may only assume
that VTE's assessment should be carefully carried
out in every patient out of such low-quality studies.
We may also assume that laparoscopic and robotic
procedures carry a slightly lower VTE risk [35].

Bladder cancer

Bladder cancer (BC) is the seventh most commonly
diagnosed cancer in the male population worldwide,
while it drops to eleventh when both genders are con-
sidered [26]. Approximately three-fourths of patients
with BC are diagnosed with non-muscle invasive dis-
ease. In younger patients (<40), this fraction is even
higher [41]. Patients with TaT1 and carcinoma in situ
(CIS) have a high prevalence due to long-term survival
in many cases, and a lower risk of cancer-specific mor-
tality (CSM) compared to T2-4 tumors [41, 42]. A pa-
tient can be treated radically by endoscopy (pTa-T1),
open/laparoscopic/robotic — associated radical cystec-
tomy (RC) (T2 NxMx) with adjuvant/neoadjuvant
chemotherapy. Patients with advanced (>pT2) blad-
der cancer are at high risk of developing venous and
arterial thromboembolic events. Radical cystectomy
has the highest VTE risk compared with other uro-
logical operations. Several studies have noted that
radical cystectomy has the highest risk of postopera-
tive VTE among urologic surgeries [43, 44, 45]. PE is
an important factor of complications and death after
cystectomy [46, 47]. Rishi Naik et al. results revealed
that the highest risk group are patients operated
in an open and robotic modality of radical cystectomy
(2.6-11.6%) [35]. Neoadjuvant chemotherapy (NAC)
also increases the risk of VT'E events [48, 49]. There
is an increased risk of deep venous thrombosis in pa-
tients with NAC, mostly preoperative (but the post-
operative risk is the same) [50]. There is no data on
VTE risk when using immunotherapy due to bladder
cancer. It is suggested that immune checkpoint in-
hibitors carry a similar VTE risk to other systematic
therapies [51]. The incidence of symptomatic VTE
in short-term follow-up after RC is 3% to 11.6%. More
than half of cases will occur after hospital discharge
[49, 52]. Patients with thromboprophylaxis experience
a significantly lower DVT rate (5.06%), assessed as 90
days postoperatively. There are no significant differ-
ences between using thromboprophylaxis and not do-
ing soin the overall complication rate (54.4% vs 68.6%),
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the hemorrhagic complication rate (3.7% vs 2.0%),
and the readmission rate (21.5% vs 29.4%).

VTE prophylaxis should be routinely used in all pa-
tients undergoing RC. Even though the relative risk
of bleeding also increases, extended prophylaxis's
overall net benefit favors use for at least 28 days
postoperatively [53].

EAU guidelines recommend mechanical and phar-
macological prophylaxis, both in robotic and open
RC. Only pharmacological prophylaxis in open sur-
gery has a strong recommendation [3].

Another critical matter is bleeding complications
during and after radical cystectomy. For the reduc-
tion of peri- and postoperative blood loss and the
need for blood transfusion in adult patients under-
going radical cystectomy, there is a possibility to ad-
minister tranexamic acid — loading dose of 10 mg/kg
tranexamic acid, followed by infusion of 5 mg/kg/h
for the duration of surgery. There is an ongoing ran-
domized controlled trial of this procedure to assess
the median reduction counts of blood units needed
to transfer and ensure this procedure's safety [54].

CONCLUSIONS

Each patient should be evaluated individually to
balance bleeding and VTE risk. There is no doubt
in using thromboprophylaxis in high risk of VTE
patients, advanced or metastatic tumors, and open
surgeries. There is still much uncertainty in low and
medium-risk patients and all endoscopic procedures.
All patients should be tested for COVID-19 infection
prior to a planned surgery during bursts of infec-
tions, undependably of vaccination status. Efforts
to maintain early cancer diagnosis and treatment
during pandemic should be maintained, as advanced
tumors have the worst prognosis and bear a higher
risk of thromboembolic complications. The quality
of evidence is inadequate, and when deciding on
thromboprophylaxis, we need to base it on individual
risk, cancer advancement, procedure type, and own
experience.
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