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Aims and Scope of the Series

Today, since molecular science on structural causes of oncological pathologies and
their molecular treatments are developing at an unbelievable rate, the primary
medical cause of death in the twenty-first century will be cardiovascular disease.
Neither pandemics that threaten all humanity nor deterioration in the ecosystem
will be able to change this fact. Especially, this century seems poised to witness an
incredible struggle against atherosclerotic disease, which develops in the arterial
walls and results in narrowing and occlusion of the arterial lumen. In addition to
this disease, there has been an increasing prevalence of heart rhythm problems,
deterioration of heart valves due to aging, and heart failure. Serious vascular
pathologies such as stenosis and occlusion, dissection and rupture, and aneurys-
mal enlargement are also major concerns. Medical and invasive treatment meth-
ods may work to save human lives, but they will never provide a real solution. All
kinds of medical, technological, and genetic engineering developments obtained
in these processes have not yet been sufficient to alleviate or eliminate cardiovas-
cular disease. This book series, Cardiology and Cardiovascular Medicine, includes
three topics. The first, Cardiovascular Diseases and Health, reviews important car-
diovascular diseases and the developments in their prognosis. The second topic,
Cardiovascular Electrophysiology, illuminates the abnormal functioning of the
cardiac conduction system, which is caused by all heart pathologies and negatively
affects prognosis. The third topic in this series, Cardiovascular Surgery, details
treatment for cardiovascular pathologies and how to regulate normal physiological
functions with percutaneous or extracorporeal interventions.
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Preface

Venous thromboembolism (VTE), which manifests as either deep venous thrombosis
(DVT) or pulmonary embolism (PE), is a widespread medical problem that occurs
either in isolation or as a complication of other diseases or procedures. It is associated
with high morbidity and mortality worldwide and is one of the most common causes
of hospitalization [1-3]. Despite its prevalence, there is still much to learn about the
pathogenic mechanisms that trigger VTE, how to tailor treatment to the individual
risk factors for recurrence, and how to manage VTE in different clinical settings.

This book addresses various aspects of VTE, from common comorbidities in patients
with VTE to injury-related VTE, prevention strategies, and innovative treatment
techniques. Each chapter comprehensively examines relevant topics that contribute to
a deeper understanding of VTE and improve clinical practice.

The book is organized into six chapters. The first chapter deals with various comor-
bidities associated with VTE. It presents methods and procedures for studying
comorbidity in VTE using international registries such as the largest database of
patients with VTE, namely RIETE, national registries, specific indexes, and data-
bases of national health systems. In addition, the new concept of the comorbidome,
first described by Miguel Divo and colleagues in patients with chronic obstructive
pulmonary disease [4], is explained. The comorbidome is a graphical representation
of comorbidities’ prevalence and risk of death, similar to the solar system. José Javier
Jarefio and colleagues applied this approach to patients with PE.

This is followed by a chapter on VTE prophylaxis, in which the assessment of throm-
bosis and bleeding risk in different patient groups is explained, and recommendations
and guidelines for prevention management are discussed in detail. Knowing for
whom and when to use VTE prophylaxis can significantly reduce avoidable morbidity
and mortality. In addition, it is crucial to know which drugs to use in VTE prophylaxis
and their dosage. The following chapter deals with a specific patient group: patients
with solid organ injuries. It contains a classification system based on the radiologi-

cal findings of a CT scan, which forms the basis for choosing the appropriate time

for initiation and type of prophylaxis, be it mechanical, chemical, or endovascular.
Specific recommendations are given for each organ.

Chapter 4 provides comprehensive guidelines for the anticoagulant treatment
of patients with neurological injuries who are at particularly high risk of VTE.
Prophylaxis and VTE treatment in these patients are challenging, and a tailored
approach is essential to optimize outcomes for these patient groups.

Disseminated intravascular coagulation (DIC) is a complex hemostatic disorder that
leads to an increased risk of thrombosis and bleeding [5]. Prostate cancer, the most
commonly diagnosed cancer in men, can be an underlying cause of DIC [6]. Due to its
multifactorial etiology and overlapping clinical features, DIC associated with prostate



cancer poses a major challenge for diagnosis and treatment. Chapter 5 provides an
overview of epidemiologic data, pathophysiology of DIC in prostate cancer, diagno-
sis, management, and prognosis. It emphasizes the multidisciplinary and precision
medicine approach to optimize outcomes in the face of a complex and difficult condi-
tion such as DIC.

The final chapter presents cutting-edge endovascular techniques for treating VTE.
Endovascular procedures are more aggressive and are recommended in the acute
phase of DVT in patients at high risk of post-thrombotic syndrome and patients

with PE associated with hypotension. Various techniques for both DVT and PE are
described and illustrated. This chapter is a valuable resource for physicians looking to
integrate innovative therapies into their practice.

To summarize, this book is an indispensable resource for healthcare professionals
involved in treating VTE. By bringing together diverse perspectives and insights from
experts, we aim to promote a deeper understanding of the complexities of VTE and
support better patient care. We hope that readers find this collection informative and
inspiring as they grapple with the challenges of VTE in their clinical practice.

This preface is intended to engage readers and provide them with an overview of
the critical topics covered in this volume on VTE, laying the groundwork for deeper
engagement with each chapter.

We want to thank all the authors who have contributed their expertise to this volume
and our readers who are committed to advancing knowledge in vascular medicine.

Mojca Bozi¢ Mijovski

Department of Vascular Diseases,
University Medical Centre Ljubljana,
Ljubljana, Slovenia
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Chapter1

Comorbidity in Venous
Thromboembolic Disease

José Javier Jaresio Esteban, Lava Almudena Ferndndez Bermejo,
Javier De Miguel Diez, Maria Angeles Mufioz Lucas
and Sergio Campos Téllez

Abstract

Venous thromboembolic disease (VTE) is the third most common vascular
disease, immediately after ischemic heart disease and cerebrovascular disease. Its
annual incidence is estimated at 1-2 cases 1000 h, but shows a progressive increase
with increasing age. Population aging in European Union is one of the main factors
related to the increase in VTE. Comorbidity is frequent in the adult population, and
chronic diseases, such as chronic obstructive pulmonary disease, idiopathic pulmo-
nary fibrosis, heart failure, etc., have an impact on the prognosis and survival of the
individual. Acute VTE is associated with frequent entities (cardiovascular, metabolic,
respiratory, psychiatric, etc.). The study of comorbidity in patients with VTE can be
performed through different procedures, such as the RIETE registry (Computerized
Thromboembolic Disease Registry), an international, multicenter, observational reg-
istry, which includes patients with VTE from 2001 to 2024, with more than 100,000
patients included and which includes a registry of comorbidity data. The analysis of
codified hospital discharge reports (configuration management database (CMBD))
of the National Health System (NHS) reflects the clinical, sociodemographic, and
comorbidity characteristics. Other procedures by means of validated Scores or the
Charlson index, and comorbidomes. Cancer and thrombocytosis were the comorbidi-
ties mostly related to mortality in VTE.

Keywords: venous thromboembolic, pulmonary embolism, comorbidity,
comorbidomes, Charlson index

1. Introduction

Venous thromboembolic disease (VTE) includes two entities, pulmonary embo-
lism (PE) and deep vein thrombosis (DVT). Currently, VTE is a public health problem
in the world population and is considered the third most frequent vascular disease in
the world, immediately after ischemic heart disease and cerebrovascular disease [1].

Venous thromboembolic disease (VTE) is highly underdiagnosed. The symptoms
are not specific and it is necessary to request for different diagnostic tests for confir-
mation, all of which results in high morbidity and mortality. VTE is responsible for
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the death of 300.000 people per year in the United States (USA). In the European
Union (EU), it was responsible for 370.000 deaths out of a population of 454.4 mil-
lion people [2].

The estimated number of VTE-related deaths/year in the EU is more than double
that of deaths from breast cancer, prostate cancer, AIDS (acquired immunodeficiency
syndrome), and traffic accidents combined [3].

The global pandemic by COVID-19, which originated in China in 2019 and in the
EU in 2020, has been accompanied by an increased risk of VTE. The estimated global
incidence of VTE in patients hospitalized for COVID-19 was 17%. Bleeding events
were observed in 8% of patients [4].

There have been few studies in recent years analyzing comorbidity in patients with
VTE. Comorbidities are frequent in VTE and have a negative impact on the prognosis
and survival of the disease. Studying the different comorbidities, their frequency,
presentation, etc., in VTE may be of great interest to improve their treatment and
prevention [5].

2. Epidemiology

The annual incidence of VTE in the general population, estimated at about 1-2
cases per 1000 population, has shown an increase in recent decades, varying with
age, sex, race, and medical conditions. In the USA, the American Heart Association
(AHA) published data on 1.220.000 cases in 2021 [6]. The incidence of VTE in the
USA and Canada has increased in recent decades as a result of longer life expectancy
in the population and even an increase in diagnostic tests [7]. In Europe, the incidence
of VTE in six European countries (for a population of 310.4 million inhabitants) was
296.000 cases of PE and 466.000 cases of DVT. There are no published data concern-
ing the population in Africa (Table 1) [8-10].

Population Incidence
World population 1-2 cases 1000 inhab.
European Union (EU) PE 296.000 cases—-VT 466.000 /310 million inhab.
Argentina 0,7 cases/1000 inhab.
Australia 0,8 cases/1000 inhab.
Asia. South Korea. 0,2 cases/1000 inhab.
USA 115 cases/100.000 inhab.
Africa No published data
Table 1.

Epidemiology of venous thromboembolic disease (VTE) in the world.

3. Venous thromboembolic disease (VTE): classification

Venous thromboembolic disease (VTE) is an entity whose incidence increases with
age, is preventable, and its presentation is related to individual factors, social habits,
etc. Obesity and reduced physical activity, among other factors, contribute to increase
the risk of VTE.
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In epidemiological studies, VTE is often defined and classified as provoked
or unprovoked. Provoked events occur at least 3 months prior to the event, such
as immobilization, trauma, surgery, cancer, hospitalization, etc. Unprovoked are
defined by the absence of these factors. In 2019, the European Society of Cardiology
(ESC) and the European Respiratory Society (ERS), in their guidelines for the diag-
nostic management and treatment of acute pulmonary embolism, discarded the terms
provoked and unprovoked [11].

3.1 Comorbidity and VTE

The world’s population is aging rapidly, but at the same time, older people are
increasing their survival. Aging is accompanied by an increased risk of developing
chronic diseases (comorbidities). The risk of developing VTE is higher in the adult
and elderly population (Figure1) [12].

Patients with acute VTE present different clinical characteristics from those with
arterial cardiovascular disease (ischemic heart disease, acute stroke, etc.). VTE is fre-
quently associated with a number of entities, including neoplastic disease, metabolic
disorders, obesity, respiratory disease and, of course, cardiovascular disease, among
many other comorbidities. Factors, such as advanced age, aging of the population,
surgical interventions, or the use of more aggressive therapies, among many others,
influence an increased risk of VTE, as well as its evolution, survival, and mortality [5].

In patients with chronic diseases, such as chronic obstructive pulmonary disease
(COPD), asthma, heart failure (HF), or idiopathic pulmonary fibrosis (IPF), comor-
bidities are frequent and increase with age and disease progression. Their presence
has an impact on the prognosis and evolution of the disease [13, 14].

Recently, a new concept has been introduced in the study of comorbidity, syn-
demia, to describe the concurrence of diseases with shared mechanisms and risk
factors [15].
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Figure 1.
Number of chronic comorbidities by age stratum. The number of comorbidities increases with age and is larger in
individuals 65 years and older. Divo et al. [12].
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4. Methodology

Different procedures can be used to study the comorbidities presented by
patients with VTE. Clinical trials and scientific publications frequently analyze such
comorbidities. The analysis of registries, such as the international RIETE registry
or some national registries (SWITER—Switzerland), allows a real approximation
of comorbidities in patients with VTE. There are also specific registries, such as
the TESEO registry for the oncology population. On the other hand, the study of
comorbidity and its implication in survival can be carried out using specific indexes,
such as the Charlson index. Finally, studies carried out through the databases of
National Health Systems allow analysis of large populations after hospitalization
for VTE.

A literature search was carried out in PubMed between 2002 and 2024, using the
terms “pulmonary embolism,” “deep vein thrombosis,” and “comorbidity,” published
in English or Spanish. We selected publications with randomized studies obtained
from national and international registries (Table 2).

I - Epidemiological records
A - General.

* RIETE International Registry
* SWITER Registry (Switzerland)
» ICOPER (International Cooperative Pulmonary Embolism) Registry

. etc.
B - Specific. TESEO Registry (VTE in oncology patients) (Spain).

1I - Clinical trials

III - Retrospective studies

IV - Studies on patients hospitalized for VTE through the Analysis of the Minimum Basic Data Set (MBDS) of
the National Health Systems (Spain)

V- Charlson index

VI - Comorbidome in VTE

Table 2.
Methodology and procedures for the study of comorbidity in venous thromboembolic disease (VTE) [15-19].

5. Epidemiological registries

Registries of patients with VTE are an excellent tool for the analysis of comorbidi-
ties. Among the advantages they have over the analysis obtained by other procedures
are the absence of limitations with respect to age and the possibility of including
different races or ethnicities, marginalized populations, and patients with high
comorbidity, who are usually excluded from clinical trials. There are general registries
(such as the RIETE [16] and SWITER registry) and specific registries for oncology
patients (such as the TESEO registry).

Among the many existing registries, the RIETE registry is worth mentioning
because of its size and dissemination. It is an active, international, multicenter,
observational registry, with wide dissemination in four continents of the world. The
registry, created in our country (Spain) in 2001, has expanded to other countries and
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continents. Recent publications analyze more than 100.000 patients with VTE from
31 countries and 421 hospitals.

In a recently published study of the registry (RIETE), the differences in adult
patients with VTE (>70 years) were analyzed with respect to the younger population
(<70 years). It describes the most frequently observed comorbidities: (Table 3) [16].

We can observe the differences in comorbidity between the two population
groups: in patients older than 70 years old, arterial hypertension, neoplastic disease,
diabetes mellitus, respiratory diseases, depression-dementia, and heart failure
predominated, in order of frequency. In the younger population (< 70 years old),
some differences were observed: arterial hypertension, active cancer, obesity, diabetes
mellitus, and respiratory diseases were the most frequently recorded (Figure 2).

Age >70years old Age <70yearsold
Cancer 18,9% 20%
Obesity 2,4% 10,1%
Heart failure 10,7% 2,5%
Chronic respiratory disease 14,8% 7,7%
Diabetes mellitus 15,2% 8,2%
Arterial hypertension 48,3% 22,3%
Coronary artery disease 7.2% 2,9%
Stroke 7.3% 2,2%
Peripheral arterial disease 5% 2,3%
Liver disease 0,4% 0,6%
Dementia-Depression 12,2% 4,2%

Modified from Garcia Ortega et al. [16].

Table 3.
Comorbidities in VTE with respect to age (> 70 years old and < 70 years old).
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Figure 2.
Most frequent comorbidities in VTE.
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6. Studies on patients hospitalized for VTE through analysis of the
minimum basic data set (MBDS) of the National Health Systems

The public hospitals of the National Health Systems, through the coded reports on
patients hospitalized for PE, have information on the sociodemographic and clini-
cal characteristics, as well as the diagnostic procedures performed on the different
patients, allowing an analysis of comorbidity and in-hospital mortality. This is what
we call the Minimum Basic Data Set (MBDS).

These retrospective and observational studies have made it possible to analyze
over long periods of time (2001-2018) a large sample population of patients hospi-
talized with Parkinson’s disease (PD). On a population of 115.671 patients with PE,
an increase in the incidence of PE diagnoses was recorded, from 20.44/100.000
inhabitants in 2002 to 32.69/100.000 inhabitants in 2011, the differences being
significant (p < 0.05). An increase in comorbidities was also appreciated by
Charlson index analysis, being in 2002 (13%) and 20.8% in 2011. Mortality has
been decreasing over time, from 12.9% in 2002 to 8.32% in 2011. All this con-
firms that there has been a change in hospitalizations for PE in recent decades,
with an increase in incidence, greater comorbidity, and a decrease in mortality
(Table 4) [17, 18].

Asin the EU, mortality from VTE decreased in the USA and Canada, from 4 to
7 deaths /100.000 h in 2000 to 2—6 deaths/100.000 h in 2017, and this decline was
equally observed for both sexes [7].

N =115,671 patients with VTE 2002 2011 Pvalue

Incidence 2044 32.69 <0.05

Mortality 12.9% 8.32% <0.05

Comorbidities (Charlson index) 133 20.08 <0.05

Cost per patient 3915€ 4372€ <0.05
Table 4.

Trends in hospital admissions for pulmonary embolism in Spain from 2002 to 2011 [14, 15].

6.1 Charlson index

The Charlson comorbidity index allows the prediction of patient mortality by
classifying patients by the weight of comorbidities they present. This index evalu-
ates the age of patients and 17 conditions (comorbidities), including cardiovascular,
respiratory, neurological, neoplastic, and connective tissue diseases, among others.
This is a procedure that, when applied to PD patients with and without cancer,
allows us to analyze the differences in comorbidities and their impact on survival
[19-22].

There are not many studies that analyze the Charlson index and comorbidity
in PE patients. The Danish study by Ording et al., which compared 62.376 patients
with breast cancer versus 304.803 people without breast cancer in the general
population, found little relationship between breast cancer and the Charlson index
in the rate of VTE [23]. The results published by Fernandez et al. in 2021 [19], in
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a population of 308 patients with PE, 108 of them with PE and cancer, confirmed
that the mean Charlson index in patients with PE and cancer was higher than in
those with PE without cancer (7,2 vs. 4,5, respectively). Likewise, patients with

a Charlson index above 5 had a 10 times higher risk of death than those with a
Charlson index of 0 (p = 0.0019). Patients with PE and cancer had a higher risk
of death and higher mortality 30 days and 1 year after the episode, compared to
those with PE without cancer, with significant differences in survival (p < 0.001)
(Figures 3 and 4).

The Charlson index is a useful tool in the study of comorbidities in patients with
VTE and cancer and is an independent risk factor related to mortality [24]. In the
paper published by Hira Shahzad [25], VTE occurred in 17.9% of patients with lung
cancer, the mean Charlson index in patients with VTE was 7,4 + 3,2, compared to
6,5 + 2,5 in patients without VTE. On correlation analysis, a significant correlation
was found between Charlson index and the occurrence of VTE.

Likewise, the Charlson index helps to predict whether there is a higher short- and
long-term mortality in patients with PE [5, 19]. In an Australian study including
1023 patients diagnosed with VTE and stratifying them into Charlson index 0 and
Charlson index >1, 34% had an in-hospital mortality of 0 with in-hospital mortality
in this group of only 0,3, similar to that of the general population [26]. The Charlson
index has good discriminatory power to predict in-hospital and long-term events after
a VTE event [26]. Increased comorbidity analyzed by the Charlson index is associated
with increased mortality (Figures 3 and 4) [19] and patients with VTE and cancer
have greater comorbidity assessed by the Charlson index compared to patients with
VTE without cancer [19, 21, 27], with the Charlson index being an independent risk
factor associated with mortality.
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Figure 3.
Representation of the survival of patients with VTE and cancer according to the categorized Charlson index.
Kaplan-Meier survival curve. Modified from Fernandez et al. [19].
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Representation of survival of patients with VTE without cancer as a function of the categorized Charlson index.
Kaplan-Meier survival curve. Modified from Fernandez et al. [19].

7. Comorbidome

The study of comorbidities in chronic respiratory diseases, such as COPD, through
new indexes, such as the COTE index, together with the graphical representation
of prevalence and its impact on mortality, was developed by DIVO et al. in 2012 in
COPD patients. Imitating the solar system, the different comorbidities in order of
prevalence and according to their repercussions on mortality (proximity to the orbital
center) are placed in the different orbits, visually representing what we know as
comorbidome [28, 29]. Subsequently, new publications have appeared with repre-
sentation of comorbidities and comorbidome in patients with idiopathic pulmonary
fibrosis (IPF) [29].

The study of the different comorbidities in recent publications in patients with PD
from the RIETE registry has allowed us to know their different prevalences, as well
as their impact on mortality. The development of a comorbidome in PE is not known,
therefore we believe that it is an opportunity for its development [6, 10, 11].

In the PE comorbidome (Figure 5), the most frequently recorded comorbidities
are represented. Active cancer represents the comorbidity most related to mortal-
ity (OR > 5), due to its proximity to the center of the orbit (death); it is followed by
thrombopenia (OR > 2). Other comorbidities are placed at a distance from these,
with less impact on mortality: liver disease (OR > 1), heart failure (OR > 1), anemia
(OR > 1), depression (OR > 1), and COPD (OR > 1). Finally, arterial hypertension
showed a high prevalence but little relationship with mortality (OR=0,78) [30].
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Figure 5.
Comorbidome in PE. Representation of the most frequent comorbidities and their impact on mortality [16, 17].

8. Most frequent comorbidities related to VTE

8.1 Cancer

Thromboembolic complications are a common event in patients with cancer and
one of the main causes of morbidity and mortality [31]. Cancer is present in more
than 20% of patients with VTE. VTE is the second cause of death in patients with
neoplasia [32]. Active cancer increases the risk of VTE approximately 4 to 7 times
compared to the general population [33, 34].

Venous thromboembolic disease (VTE) may precede the diagnosis of a neoplasm
by months or years. It is estimated that in around 2-12% of VTE cases is the first
manifestation of an occult cancer 31. However, VTE is more frequently present once
the patient has been diagnosed, throughout the course of the disease. Up to 88% of
thrombotic events present with these characteristics [35, 36].

According to Chew et al. [37], metastatic disease at the time of diagnosis is
the greatest predictor of VTE, with the risk of developing it being 4 to 13 times
greater than in patients with localized disease. The highest incidence in patients
with metastatic disease was observed in cancer of the pancreas, stomach, bladder,
uterus, kidney, and lung [37]. The risk of presenting a VTE in patients with cancer is
highest in the first 3 months after diagnosis, is somewhat lower during the following
3-12 months, and is low in the following 2 and 3 years [38].

The incidence of VTE varies depending on the type of cancer [39]. The tumors
that have been associated with the highest risk of developing a thromboembolic event
are pancreatic cancer (14%) and brain tumors (11%). The following tumors corre-
spond to chronic myeloid leukemia (7.4%), stomach cancer (7.4%), esophagus (5.8%),
kidney (4.3%), and lung (4.3%). Breast and prostate cancers have a low incidence (0.1
and 0.9%) [39, 40].
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9. Hematological disorders: thrombophilia, thrombocytopenia, and
neutropenia

Various hematological alterations have been related to the appearance of VTE.
Thrombophilias are the best known, well related to hematological disorders, neopla-
sias, idiopathic causes, etc.

In the study by Merkow et al. [41], the presence of thrombocytosis (>400.000
platelets/microl) in patients undergoing oncological surgery constitutes a risk factor
for the development of VTE, increasing the probability of its presentation by 1.6%
beyond the month of the intervention, which advises extending thromboprophylactic
therapies in patients undergoing surgery for cancer [42, 43].

Among all these alterations, thrombocytopenia was the alteration most related to
mortality due to VTE.

Other hematological alterations, such as neutropenia, have been related to throm-
boembolic episodes. In a retrospective study of 66.106 cancer patients admitted for
neutropenia, between 2,74 and 12,1% presented a thromboembolic event [44].

9.1 Other comorbidities

There are comorbidities such as hypertension and DM that are very common
among the general population, and therefore among patients with VTE, but their
presence does not correlate with mortality. In Figure 4, both comorbidities appear in
the outermost orbits, far from the center of mortality in the comorbidome. Similar
characteristics with hypertension and DM occur in other chronic diseases, such as
COPD and IPF [28, 29, 30].

10. Conclusions
i. Venous thromboembolic disease (VTE) is a very prevalent, underdiagnosed
entity, associated with high mortality. Its incidence is increasing in the world

with the use of better diagnostic procedures.

ii. Comorbidities in VTE are frequent, with cancer being one of the most promi-
nent (20-30%).

iii. The identification of comorbidities accompanying VTE may help to improve
prognosis and survival.

iv. The Charlson index and the elaboration of comorbidome can be useful in the
identification of comorbidities with prognostic implication in VTE.
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Chapter?2

Deep Vein Thrombosis Prophylaxis
for Whom? When?

Sidar Siyar Aydin and Oguzhan Birdal

Abstract

Deep vein thrombosis (DVT) is a type of thrombus seen in the deep leg veins. DVT
is a clinical condition that can cause pulmonary embolism. Pulmonary embolism is a
significant contributor to the rates of illness and death worldwide. In a healthy state,
blood circulation is regulated by procoagulant and anticoagulant factors to prevent
the formation of blood clots. However, conditions called Virchow’s triad, whose
components are hypercoagulation, venous stasis, and endothelial damage, increase
the tendency to DVT if one or more of these components are present. Using prophy-
laxis is recommended for preventing DVT in patients with predisposing conditions.
Prophylaxis reduces morbidity and mortality. Conditions such as immobility, ortho-
pedic surgery, obesity, advanced age, active cancer, and hormone replacement therapy
may increase the risk of venous thrombosis. Those patients who present with multiple
risk factors are identified as being at high risk for DVT and are administered prophy-
lactic anticoagulants.

Keywords: anticoagulants agents, deep vein thrombosis, prophylaxis, pulmonary
embolism, thromboembolism

1. Introduction

Deep venous thrombosis (DVT) is a thrombus in the body’s deep veins. Although
the underlying cause varies from patient to patient, damage to the vein wall, venous
stasis, and increased procoagulant activity (Virchow triad) have been blamed for its
underlying pathophysiology. DVT and associated pulmonary thromboembolism (PE)
can cause preventable morbidity and mortality [1, 2]. DVT is seen at a rate of 0.05—
0.1% in the general flow [3]. However, this rate is higher in patients with predisposing
causes or hospitalization. The incidence of DVT varies depending on the person,
gender, race, and predisposing conditions. The incidence of DVT doubles with every
10-year increase in age [4]. DVT is more common in men of all age groups when
predisposing factors such as hormonal and oral contraceptive use specific to women
are excluded [5]. While Africans have a higher incidence of DVT, Asians have a lower
incidence of DVT. Even the seasons can adjust the appearance of DVT—for example,
the incidence of DVT increases in winter months [6]. Although DVT can be seen
without any risk factors, it can also be seen as a result of provocation by unprovoked
hereditary and acquired risk factors. Acquired risk factors are more common than
hereditary ones. Acquired risk factors include cancer, obesity, acute medical illness,
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major surgery or trauma, immobility (usually inpatients and for at least 3 days),
pregnancy, hormone replacement therapy, inflammatory disease, antiphospholipid
syndrome, prolonged passive travel, and seated immobility syndrome, which can
occur with increased interest in computer games [7]. The main hereditary risk factor
is the non-O blood group, which doubles the risk of occurrence in venous thrombo-
embolism (VTE) [8]. Also among the hereditary risk factors are homozygous and
heterozygous factors such as V Leiden mutation, thrombophilia due to antithrombin,
and protein C or S deficiency [9].

Application of DVT prophylaxis in a specific patient population reduces the
rate of VTE and its associated morbidity and mortality. DVT prophylaxis should
be applied to patients undergoing thoracic surgery, spinal and cranial surgery,
hip fracture surgery, knee surgery, urological and cancer surgery, and significant
trauma patients. At the same time, even if surgery is not performed, some hospital-
ized patient groups are candidates for VTE prophylaxis. Patients over 60 years of
age with at least one risk factor for DVT, ischemic stroke patients, patients with a
history of venous thromboembolism, patients with acute and chronic lung disease,
decompensated heart failure patients, acute inflammatory disease, sepsis, active
cancer, and antenatal patients those with more than three obstetric risks should
receive VTE prophylaxis [10]. DVT prophylaxis is applied to these patient groups for
a certain period. Generally, low molecular weight Heparin (LMWH) is preferred for
prophylaxis. This book section will discuss which patient groups will be given VTE
prophylaxis and for how long.

2. Risk factors for DVT

Many hereditary or acquired risk factors may affect Virchow’s triad, which is
accused in the pathogenesis of DVT (Table 1). Malignancy, patients undergoing
surgery, smoking, heart failure, inflammatory disease, and previous VTE are the main
acquired risk factors. Acquired factors are relatively more straightforward to detect
by a physician [11]. However, detecting hereditary risk factors can be challenging.
Although this situation is challenging for the physician, careful anamnesis, physical
examination, and laboratory tests facilitate the detection of acquired and hereditary
risk factors [12].

Acquired factors Hereditary factors
Advanced Age Factor V Leiden Mutation
immobility Protein C and S deficiency
Cigarette Antithrombin Deficiency
Cancer Antiphospholipid Syndrome
Heart Failure Sickle Cell Anemia
Trauma Family History of Thrombophilia
Surgical History Prothrombin Mutations
Presence of Central Catheter
Pregnancy
Oral Contraceptive Use
Obesity
Previous DVT History

Table 1.

Risk factors for VTE.
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Low-risk group Medium risk group High-risk group
Surgical procedures that take less Thrombophilia Pelvis or Long Bone
than 30 minutes Heart Failure FractureS
Laparoscopic surgeries Oral Contraceptive Use Ischemic Stroke
Obesity Pregnancy Trauma
Smoke Major Surgery (not exceeding 7 days) Neurosurgery
Having Varicose Veins Infection requiring Intravenous Malignancy
Immobility Lasting Less Than 3 Days treatment Postoperative
Immobility lasting more than 3 days Intubation
Table 2.

Risk classification for VTE.

Risk factors should be evaluated, especially in hospitalized patients scheduled for
surgery or medical treatment. According to risk factors, patients can be classified as
low, medium, and high in terms of VTE (Table 2) [13]. Chemoprophylaxis can be
started in patients according to risk assessment, which will minimize the risk of VTE.

3. Assessment of bleeding risk

The VTE-BLEED risk score is a bleeding risk score assessment derived from a post
hoc analysis of the RE-COVER study. It is based on the presence of cancer, hyperten-
sion, anemia, bleeding history, age, and renal functions. While patients with a score
below two were considered to be at low risk for bleeding, patients with a score of 2 or
higher were considered to be at high risk (Table 3). Patients at high risk of bleeding
face a 5-fold increased risk of bleeding with anticoagulant use compared to low-risk
groups. If the probability of bleeding is higher than the probability of developing
VTE, anticoagulation can be avoided in these patient groups [14].

Factor Score
Active Cancer! 2
Man with Uncontrolled Hypertension® 1
Anemia® 15
Bleeding History" 15
Age > 60 15
Renal Dysfunction’® 15

Classification of patients according to VTE-BLEED score

Low Risk of Bleeding Total score < 2
High Bleeding Risk Total score > 2

'Receiving a diagnosis of cancer within 6 months before VTE diagnosis.

2Uncontrolled hypertension, basal systolic blood pressure 140 mmHg.

3Hemoglobin <13 g/dL for men, Hemoglobin <12 g/dL for women.

*Previous major or non-major bleeding, vectal bleeding, frequent nosebleeds, hematuria.

*Estimated glomerular filtration vate (eGFR) is defined as <60 ml/min (eGFR calculated with the Cockcroft-Gaults
formula).

Table 3.
VTE-BLEED score.
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4. VTE prophylaxis in patient groups

Among the risk groups for VTE, cancer, surgical patients, trauma patients, preg-
nant women, and immobile patients have an important place. Tendency to thrombosis
and immobility, which occur through various mechanisms in these patient groups,
pose a severe risk for VTE [15]. It is clinically essential to thoroughly examine this
patient group and determine which population should receive VTE prophylaxis and
for how long. In this section, we discussed the evaluation of this group of patients in
terms of VTE prophylaxis.

4.1 Cancer patients

Recent studies have shown that the incidence of VTE in cancer patients has
increased approximately three times. This situation has increased hospitalization rates
and caused increases in treatment costs [16]. The incidence of VTE varies depend-
ing on the cancer location. While this rate is 8.2% in bladder cancer, it can be seen
in 19.2% in pancreatic cancer [17]. Considering the VTE risk in this patient group, a
scoring system developed by Khorana is used, and many guidelines approve it [18, 19].
The ONCOTHROMB score is another score that has recently been used to evaluate
cancer patients for VTE prophylaxis [20]. A study even compares it with the Khorana
score [21]. However, we found it appropriate to give the Khona score, which has been
used for many years, in this section. Khrona scoring system is based on the location
of cancer, platelet, and leukocyte count before chemotherapy, hemoglobin level, and
body mass index. Scoring three or more is classified as high risk, 1-2 as medium risk,
and O points as low risk. Details about the scoring system are given in Table 4.

High-risk patients who do not have contraindications to anticoagulant use should
be started on anticoagulants and/or intermittent pneumatic devices, and graduated
compression stockings should be applied. If there are any contraindications to using
anticoagulants, intermittent pneumatic devices and/or graduated compression stock-
ings can be applied. Cancer patients who undergo surgery should use anticoagulant
treatment for about one month after discharge. However, medical oncology patients
who have not undergone surgery are at high risk for VTE if they are diagnosed with
multiple myeloma and are using lenalidomide or thalidomide at discharge. In this
patient group, 40 mg LMWH or warfarin (international normalized ratio: 2-3)

Patient characteristics Risk Skoru
Cancer Localization

Stomach and pancreatic cancer 2
Lung, Lymphoma, Gynecological, Bladder, Testicular 1
Platelet count before chemotherapy >350 x 10°/L 1
Hemoglobin <10 g/dL or using red blood cell growth factor 1
Leukocyte count before chemotherapy >11 x 10°/L 1
Body mass index >35 kg/m” 1

If the total Score is >3, it is high risk, if the total Score is 1-2, it is medium risk, and if the total Score is 0, it is low
risk.

Table 4.
Risk scoring for VTE in cancer patients.
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should be used daily. While acetylsalicylic acid 81-325 mg once a day is recommended
for VTE prophylaxis in low-risk myeloma patients after discharge, routine VTE
prophylaxis is not recommended for the remaining patients with cancer (who have
not undergone surgery) [22].

4.2 VTE prophylaxis in surgical patients

Although many scoring systems are used to determine the risk of VTE in surgical
patients, the Caprini score is one of the most widely used [23]. The Caprini score
was developed in 2005 and tested and validated to determine the risk of VTE in most
surgical patients [13, 24-26]. The European Society of Hematology VTE prophylaxis
guideline for perioperative patients recommends using the Caprini score [27]. Caprini
score classifies patients into three groups due to the evaluation of approximately
37-40 parameters. Patients with a total score of 04 are classified as low risk, patients
with a score of 5-8 as medium risk, and patients with a total score of >9 as high
risk. Caprini score parameters and scoring details are given in Table 5. New risk
scores were added to the Caprini score as a result of research conducted after it was
first published, and sometimes, there were changes in the score distribution [28].
However, studies similar to the first version could not confirm updates after the first
version. In fact, one study showed that the new version performed worse in some
surgical patients than the first version [29]. For this reason, we deemed it appropriate
to share the first version published in 2005 in this section.

1Point for Each Risk Factor

Age 41-60

Planned minor surgery

Major surgery performed within one month
Varicose veins

History of inflammatory bone disease
Recurrent leg swelling

Obesity

Acute myocardial infarction

Congestive heart failure

Sepsis within one month

Lung disease, including pneumonia, within
one month

Chronic obstructive pulmonary disease

2 Points for Each Risk Factor

Age between 60 and 74

Arthroscopic surgery

Malignancy

Major surgery (lasting >45 minutes)
Laparoscopic surgery (lasting >45 minutes)
Patients on bed rest for more than 72 hours
Being in an immobile cast within one month
Central venous access

5Points for Each Risk Factor

Elective major lower extremity arthroscopy
Hip, pelvis, or leg fracture within one month
stroke within one month

Multiple trauma within one month

Medical patients on bed rest . . o
Acute spinal trauma accompanied by paralysis within one

month

3 Points for Each Risk Factor
>75 years old

History of PTE/DVT

Family history of thrombosis
Positive Factor V Leiden
Prothrombin 20210A mutation
Serum homocysteine elevation

1 Point for Each Risk Factor (For women only)

Oral contraceptive or hormone replacement therapy
Pregnancy or postpartum (<1 month)

History of unexplained stillborn baby, recurrent spontaneous
miscarriage (>3), premature birth with toxemia, or history of
growth-restricted baby

Positive lupus anticoagulant

Anticardiolipin antibody elevation
Heparin-induced thrombocytopenia

Other acquired and inherited thrombophilias

Tables.
Caprini risk score.
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Various agents are commonly used for VTE prophylaxis in surgical patients.
Acetylsalicylic acid has been used for VTE prophylaxis in total knee and hip replace-
ment surgeries and hip fracture operations. However, the dose margin varies between
75 mg and 1300 mg in studies. Additionally, the duration of use for VTE prophylaxis
varied between two days and six weeks [30]. Low-dose unfractionated heparin is
another agent used in VTE prophylaxis. A dose of 5000 IU has been recommended
for most surgical procedures every 8-12 hours. It should be started 2 hours before the
surgical procedure. 5000 IU should be administered once every 12 hours in orthopedic
surgical procedures, starting 12 hours before/after the operation [31]. In high-risk sur-
geries such as cancer surgery, 5000 IU should be started 2 hours before the procedure
and administered once every 8 hours [32]. LMWH is the most common agent used in
VTE prophylaxis. In abdominal surgeries, Enoksaparin 40 mg/day should be admin-
istered and should be started 2-12 hours before the surgical procedure. In total hip
and knee replacement procedures, 30 mg should be administered once every 12 hours
and started 12 hours before or 12 hours after the operation. A daily dosage of 40 mg is
recommended for hip fracture operations. For other surgical procedures, 40 mg/day
should be administered 10-12 hours before the operation [32, 33]. Fondaparinux is
another agent used for VTE prophylaxis. However, it is not used in abdominal surger-
ies, total knee and hip prostheses, or hip fracture operations.

A postoperative dosage of 2.5 mg daily has been suggested for other surgical
procedures. This medication should be avoided in patients with a creatinine clearance
of less than 30 ml/min and a body weight of less than 50 kg [34]. Additionally, Factor
Xa inhibitors are a practical option for VTE prophylaxis in surgical patients. For total
hip and knee replacement surgeries, apixaban 2.5 mg should be taken every 12 hours,
starting 12-24 hours after the surgery, and rivaroxaban 10 mg should be taken once
a day, starting 6-10 hours after the surgery. There is no data on the use of edoxaban
in total knee replacement operations. For other surgical procedures, 30 mg/day is
recommended 6-24 hours after surgery. However, there is more clinical experience
using rivaroxaban and apixaban for VTE prophylaxis in surgical patients [35].

4.3 Trauma patients

The incidence of DVT in trauma patients can be seen between 5 and 63%, depend-
ing on the risk factors of the patients, the prophylaxis methods applied, and the
choice of diagnostic techniques [36, 37]. Many factors can affect the development
of post-traumatic VTE. Reasons such as depletion of coagulation factors, acidosis,
hypothermia, hemodilution caused by the administration of intravenous fluids and
blood products, immobility, and activation of fibrinolytic pathways due to shock or
anticoagulant use have been suggested [38]. Greenfield and colleagues examined risk
factors and developed the risk assessment profile (RAP) to determine the incidence of
DVT in trauma patients [39]. Patients with an RAP score of 5 or higher are three times
more likely to develop DVT compared to those with an RAP score of less than 5 [40].
The RAP scoring details are clearly outlined in Table 6.

There are some points to consider when starting thromboprophylaxis in a trauma
patient. Immediate initiation of prophylaxis is crucial in the absence of traumatic
brain injury, spinal cord injury, or solid organ injury. In the case of creatinine clear-
ance ranging from 30 to 60 ml/min, age greater than 65, weight less than 50 kg, or in
the presence of pregnancy, it is recommended to administer enoxaparin at a dosage
of 30 mg per day. If creatinine clearance is >30 ml/min, if there are no other criteria,
and if body mass index is <30, enoxaparin should be started at 40 mg/day. If the
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Point

Underlying Conditions

Obesity

Malignancy

Abnormal coagulation

W NN

History of VTE

Iatrogenic Factors

Femoral vein line

Transfusion >4 units

Operation >2 hours

W INNN

Major vein repair

Factors Associated with Injury

Chest Abbreviated Injury Scale >2

Abdomen Abbreviated Injury Scale >2

Head Abbreviated Injury Scale >2

Spinal fractures

Glasgow coma score < 8

Serious lower extremity fracture

Pelvic fracture

AR AW NN

Spinal cord injury

Age

40-59 2

60-74 3

>75 4

Table 6.
Risk assessment profile.

body mass index is >30, enoxaparin should be started at 0.5 mg/kg/day. If creatinine
clearance is <30 ml/min and body mass index is <30, unfractional heparin 5000 IU
should be administered every 8 hours. If body mass index is >30, unfractional heparin
7500 IU is recommended to be administered every 8 hours. The timing of prophy-
laxis in patients with traumatic brain injury should be determined by consulting the
Modified Norwood Criteria. Enoxaparin 30 mg/day is recommended for VTE prophy-
laxis in eligible patients. In cases of spinal fracture or spinal cord injuries, prophylaxis
should be initiated within 48 hours, and enoxaparin 30 mg per day should be admin-
istered. In cases of solid organ injuries without evidence of bleeding, VTE prophylaxis
should commence within the first 48 hours, utilizing a daily dose of enoxaparin at

30 mg. However, if there is evidence of bleeding, chemoprophylaxis should not be
applied; mechanical prophylaxis methods should be used [41].

4.4 Pregnant women

VTE can occur in about 1-2 out of every 1000 pregnant women [42-44]. The
risk of VTE in pregnant women begins with the first trimester, the risk increases as
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the week of pregnancy increases, and the first postpartum period is the time
when the risk is highest. When comparing pregnant and non-pregnant populations
of the same age, a 15-35-fold increase in VTE risk was observed in pregnant women
[45]. This risk is estimated to increase approximately 85 times during the first six
weeks postpartum [46, 47]. As a result, seen during pregnancy, half of the PTE
cases and one-third of the DVT cases occur after birth. This condition emphasizes
that in the first postnatal period, the risk of developing VTE is highest. This risk
begins to decrease from the 6th week after birth and returns to the initial risk by
the 12th week [48]. VTE occurring during pregnancy and puerperium represents
approximately 14% of maternal deaths in developed countries [49]. Previous
history of VTE is considered the most critical risk factor in pregnant patients.

For this reason, international guidelines recommend thromboprophylaxis for six
weeks postpartum in pregnant women with a history of VTE [45, 50, 51]. Both
prenatal and postpartum thromboprophylaxis are recommended for women with
a history of unprovoked, pregnancy- or hormone replacement therapy-associated
VTE. If antepartum thromboprophylaxis is indicated, LMWH should be started
as soon as possible after pregnancy is confirmed. Only postpartum prophylaxis for
six weeks is recommended for those who have had a single previous VTE due to a
significant transient non-hormonal risk factor (e.g., trauma, surgery, immobiliza-
tion) and those who have experienced VTE due to hormonal therapy [50]. Data on
the use of antithrombotic therapy in women with thrombophilia and no history
of VTE are limited. For this reason, the guidelines present different approaches

to VTE prophylaxis in asymptomatic thrombophilia patients. Perhaps the most
reasonable approach would be to evaluate general VTE risk factors in addition to
the patient’s asymptomatic thrombophilia and decide on VTE prophylaxis accord-
ingly. Thromboprophylaxis is strongly recommended for high-risk thrombophilia
patients with a positive family history of VTE during pregnancy. However, if
there is no family history and the patient has low-risk thrombophilia, antepartum
thromboprophylaxis is not recommended. Thromboprophylaxis is recommended
for high-risk thrombophilia patients, even if there is no family history in the
postpartum period [42, 52].

4.5 Hospitalized medical patients

Patients who are hospitalized and under medical supervision face a significant
risk of VTE due to their immobility and underlying risk factors. Studies show that
42% of this patient group is at medium-high risk for VTE [53]. At the same time,
VTE may develop in this patient group at a rate of 10-20% during hospitalization
[10]. An autopsy study demonstrates that VTE contributes to approximately 10% of
hospitalized patient deaths. Many of these patients were not diagnosed with VTE
before they died [54]. As a result, VTE diagnosis may be delayed in these patient
groups. It is essential to carefully evaluate this patient group’s risk factors and VTE
prophylaxis. It is also essential to evaluate the risk of bleeding in this patient group.
Prophylaxis with enoxaparin 40 mg/day should be administered to appropriate
patients. Mechanical prophylaxis may be considered in patients with a high risk of
bleeding [55]. Studies recommended using the Padua risk score to assess the risk of
VTE and initiate prophylaxis in high-risk patients [56, 57]. If the Padua risk score
is four or above and there are no contraindications to thromboprophylaxis, VTE
prophylaxis should be administered [58]. Details regarding the Padua risk score are
given in Table 7.
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Risk factor Point
Age >70 1
Arthritis/Active infection 1
Decreased mobility 3
Heart/Lung Failure 1
Body mass index >30 1
Active cancer 3
Ischemic stroke/myocardial infarction 1
Post thromboembolic event 3
Trauma/surgery within the last month 2
Thrombophilia 3
Hormone replacement therapy 1
Table7.

Padua visk score.

5. Conclusion

DVT and VTE can cause severe morbidity and mortality. Knowing to whom and
when to apply VTE prophylaxis, especially in specific patient groups, can significantly
reduce preventable morbidity and mortality. Additionally, it is crucial to know the
drugs used in VTE prophylaxis and their doses. Evaluating the risk of bleeding along
with risk factors also provides clinical benefits. Mechanical prophylaxis can be used
as an alternative to chemoprophylaxis in patients with severe bleeding risk for whom
chemoprophylaxis cannot be administered.
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Chapter 3

Perspective Chapter: Deep Vein
Thrombosis Prevention in Patients
with Solid Organ Injuries

Gary J. Curcio

Abstract

Deep Vein Thrombosis can be a very serious complication in the traumatically
injuries patient. Those with solid organ injuries present with some unique issues as
well. Failure of non-operative or even operative management resulting on going or
rebleeding are the most serious issue these patients face. Timing of Deep vein throm-
bosis, DVT, prophylaxis has traditionally been a topic of discussion in patients with
solid organ injuries. In the medical literature there is an increasing amount of infor-
mation to help assist with this issue. Most notably in the traumatically injuries patient
with a traumatic brain injury. The literature is not quit as abundant for traumatically
injured patients with solid organ injuries. This chapter will look at some of the litera-
ture and practice guidelines to help the reader make the best determination on timing
of deep vein thrombosis prophylaxis.

Keywords: deep vein thrombosis, deep vein thrombosis prophylaxis, chemical
prophylaxis, mechanical prophylaxis, solid organ, endovascular, solid organ injury
grading, heparin induced thrombocytopenia

1. Introduction

Patients with traumatic injuries can be complex and have several competing issues
that need to be address to assure the best outcome. These can range from ambulation,
to treatment for their traumatic injuries, to restarting home medication. This can be
compounded by pre-existing conditions that may require contraindicating therapies
based on a new injury pattern. It is not unusual for a patient to be on an anticoagulant
or antiplatelet with an acute injury that has caused hemorrhaging. To compound these
issues there will be consultants recommending conflicting therapies based on the
patient pre-existing conditions and/or their acute injuries.

Traumatically injured patient are at the highest risk of developing deep vein
thrombosis, (DVT), and subsequent complications such as pulmonary embolisms.
DVT are potentially preventable in traumatically injuries patients. Several algorithms
have been developed to prevent DVT as well as the complication that can occur with
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DVT [1, 2]. The Therapies range from mechanical prophylaxis, chemical prophylaxis
or alternative means. Chemical prophylaxis is the mainstay of therapy. There is a fear
from providers to initiate chemical DVT therapying in a timely fashion. This fear is
because of the chance of increased or continued hemorrhage. This fear real as it can
lead to poor outcomes in the event of ongoing or recurrent hemorrhage. The fear of
hemorrhage and lack of reversal agents also compounds this problem.

Many subspecialists have their own though and practices based on past experi-
ences and are not necessarily based on the best available literature on the topic. Less
experienced provider can also delay appropriate DVT therapy leading to unnecessary
complications. This delay in appropriate DVT prevention can lead to increased risk of
morbidity and mortality in patients. Trauma patient have been identified as high risk
for DVT and this delay can have catastrophic effects on the patient recovery. The delay
can lead to increased length of stay in the hospital, ventilation days, intensive care
days and morbidity and mortality [3].

All this can become over whelming very quickly. Of late, there has been a lot of
attention in the area of Traumatic Brain Injury and DVT prevention. Several studies
and guidelines have been developed over the years to help guide this problem [1, 4, 5].
There is much less literature on the subject of deep vein thrombosis prevention and
solid organ injuries.

This chapter with focus on solid organ injuries. The topics will range from identi-
fying the extent of the injuries. We will use the known grading system to standardize
the grades assigned. What is the risk of bleeding with each grade of injury? The
different types of DVT prophylaxis are available with each grade of injury. Does the
grade of injury relate to the risk of bleeding with DVT prophylaxis? Each organ will be
broken down using the above mentioned criteria.

The goal of this chapter is to identify the patient with a solid organ injury from
a traumatic event. The grading system used to identify the injury and with each
grade the risk of bleeding. To identify the appropriate DVT and the timing of the
initiation of the therapy. How to monitor these patients and the setting this moni-
toring should be conducted such as floor verse intensive care setting. How long
they should be monitored in the critical care setting. What monitoring should be
utilized such as cardiac monitoring, laboratory studies vital statistics, and special-
ized studies etc.

When DVT therapy is initiated what is the best form of therapy to be used;
chemical, mechanical or endovascular procedures. The duration of the therapy in the
hospital setting and the outpatient and rehab or skilled nursing setting.

The options for DVT prophylaxis in patients that are at low and high risk of bleed-
ing vary. Is the timing of initiation of DVT prophylaxis based on the organ grade or
other factors? The setting this should be done in and what intervention can be used
if bleeding occurs. Finally, to summarize the recommendation available to guide
therapy.

2. Types of deep vein thrombosis therapy

There are multiple ways to prevent DVT. Whether they are mechanical, chemical
or endovascular, they have role in the prevention of DVT. Depending on the patient’s
unique condition including; injuries, preexisting medical condition and medication
one option may be superior to another. This will help guide which for option should
be utilized.
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2.1 Mechanical

Sequential Compression Devices utilized intermittent compression on the
extremities to mimic the pumping action of the lower extremity muscle contraction
to facilitate blood flow from the extremity to the heart. Studies as far back at the
2002 shows that when used properly they are non-inferior to chemical prophylaxis.
Properly is defined at sequential compression devices applied to the lower extremities
for 22 of 24 hours [2, 4].

2.2 Chemical

Chemical prophylaxis can be accomplished by utilizing low dose unfractionated
heparin or low molecular weight heparins. In the trauma patient low dose molecular
heparin are preferred, [5, 6]. Several guidelines have been established to reinforce this
recommendation [1, 2, 7].

2.3 Endovascular procedures

These endovascular procedures are done by several medical specialties, (Vascular
surgery, General Surgery, Interventional Radiology). This is accomplished by placing
an Inferior Vena Cava Filter. These are placed in the descending inferior vena cava
below the renal veins. Many of these filters are designed to be retrieved and should
be removed once they are no longer needed. These filters should be removed once
the patient’s hemoglobin has stabilized and they have tolerated DVT prophylaxis by
chemical means without a further drop in the hemoglobin concentration. This can
limit and morbidity related to the devices [7].

3. Grading of solid organ injuries

The American Association for the Surgery of Trauma, AAST, has developed a
grading system for traumatically injured systems of the body [8]. These include solid
organ injuries as well. The solid organs of the abdominal cavity are; liver, spleen,
kidney, adrenal, pancreas, and ovaries. The testis and scrotum and added to the group
even though they are technically not in the abdominal cavity.

The grading system applies a number, 1 through 5, to describe the extent of
injures. As the number gets higher, the extent of damage is more severe. This grading
system is based on radiology finding from a computer tomography scan. This grading
system has is acceptance and is a common nomenclature when describing solid organ
injuries. Anatomic Based injury Severity Score, AlS, is also referenced with regards to
solid organ injuries. As with the AAST solid organ grading system, there greater the
injury the higher the score [3].

3.1 Liver injuries

Liver injuries are the most common solid organ injury in the abdominal cavity.
They typically are non-operative in the lower grades and angiography has taken
alarger role in their management. Surgical repair of liver injuries is reserved for
unstable patients or in patients that non operative management failed. Liver injuries
are one of the more common solid organs injured by the nature of their relative
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size to the other intra-abdominal solid organs. Other associated injuries with liver
trauma are rib and diaphragm injuries. The liver injuries are graded per the AAST
grading system. The injuries with lower severity are grade 1-3. These tend to be
treated non operatively. Liver injuries are amendable to endovascular techniques to
stop hemorrhaging. Mid to higher grade injuries in hemodynamically stable patients
are best suited for endovascular therapies. Higher grade injuries, (4-5), in unstable
patients have higher rates of conservative management failure requiring operative
management [3, 9, 10].

3.2 Splenic injuries

Splenic injuries occur with primarily blunt abdominal trauma but can occur
in penetrating trauma as well. Often there are associate injuries similar to liver
injuries. The splenic injuries are also associated with rib fractures and diaphrag-
matic injuries. As with Liver injuries, lower grade injuries are typically treated in
a nonoperative fashion and high grade with angioembolization. Surgical removal
or repair of splenic injuries are reserved for unstable patients or those that have
failed non operative management similar to liver injuries. Similar to liver injuries,
lower grade splenic injuries tended to be treated non operatively. Endovascular
approaches to control hemorrhage from the spleen are very effective in hemo-
dynamically stable patients. Unlike liver injuries higher grade splenic injuries
are managed with splenectomy where liver injuries are managed surgically with
operative repair [3, 11].

3.3 Kidney injuries

Kidney injuries are seen in blunt and penetrating trauma. Even though the kidneys
are located in the retroperitoneum. The kidneys are classified as intraabdominal solid
organ. Typically, kidney injures and not surgically explored unless there are other rea-
sons to go to the operating room with the patient. Similar to liver and splenic injuries,
kidney injuries, can be controlled with various endovascular techniques. Hematuria,

abdominal hematomas and uromas are common finding in higher grade injuries and
should be looked for [3, 9].

3.4 Ovarian injuries

Ovarian injuries are not as common as other solid intraabdominal organ injuries.
They are unique in that they are a bilateral true intraabdominal organ and with
bilateral injuries their grade is upgraded. For example, a grade one ovarian contusion
that is bilateral becomes a grade three injury [3, 12].

3.5 Pancreas injuries

Pancreatic injuries are seldomly seen in isolation just by the nature of their loca-
tion in the abdominal cavity. These injuries are typically paired with duodenal injuries
when the proximal pancreas is involved. Distal injuries are commonly associated with
splenic injuries. Miss pancreatic injuries can lead to high morbidity and mortality.
Pancreatic injuries are by their location very difficult to manage. The mainstay of
surgical management is initially by wide drainage. Magnetic Resonance Cholangio
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Pancreatography and Endoscopic Cholangiopancreatography are typically ancillary
procedures used to assist with the grading of pancreatic injuries [3, 13].

3.6 Testes and scrotum injuries

These structures are not typically seen in the abdominal cavity but the origin of
the testes is in the abdominal cavity as a fetus. They can be located in the abdomi-
nal cavity when the testes is undescended. Similar to ovarian injuries, lower grade
Testicular injuries result in a higher grade [3, 11].

4. Timing of deep vein thrombosis prophylaxis

The timing of DVT prophylaxis is essential in the trauma patient with solid organ
injury. These patients are a higher risk of DVT and subsequent complication such as
pulmonary embolism.

The appropriate time of chemical prophylaxis is not a straight forward topic. The
risk of hemorrhage and nonoperative management as well as the risk of DVT need
to be taken into consideration. The literature supports early deep vein thrombosis by
chemical means which is defined as starting prophylaxis in less than 48 hours, ideally
within 12-24 hours of injury. There is a small risk of failure with nonoperative man-
agement of solid organ injuries. Increased failure rates are defined as the present of
DVT and increased transfusion rates. When early prophylaxis was initiated, mortality
was improved. The failure rate in early chemical prophylaxis is low [14].

Stable hemoglobin concentration can be used to assist with guiding early chemi-
cal prophylaxis for solid organ injuries. After a stable hemoglobin concentration for
12-24 hours in solid organ injuries, chemical prophylaxis can be initiated. Stable
hemoglobin concentration at 12-24 hours can be used as a maker to predict if the
patient will fail non operative management [6].

The grade of solid organ injury has less of an effect on the initiation of DVT
prevention and more on the type of prophylaxis utilized. The grade of the organ
injury has not been linked to need for delays in early DVT prophylaxis. Although with
higher grade of injuries hemoglobin concentration may take longer to stabilize. This
may require alternative means of prophylaxis such and Inferior Vena Cava Filters and
Sequential Compression Devices in place of chemical prophylaxis. Higher grade inju-
ries should be admitted to a monitored bed or Intensive Care Unit depending on the
hospital’s resources. Serial laboratory studies should be obtained to trend the hemo-
globin concentration and establish when it has become stable. Lower grade injuries
can be admitted to a step down unit. Serial laboratory studies and vital statistic should
be monitored. High grade injuries may delay the initiation of chemical prophylaxis
but should not delay starting appropriate DVT prophylaxis. The overall goal should
still be to initiate chemical prophylaxis as soon as the hemoglobin concentration is
stable where other means of prophylaxis have been started already.

Delays in starting DVT prophylaxis correlates with a high rate of developing DVT
in trauma patients. The trauma patient has long been identified as a high risk group
for DVT. The increase in morbidity and mortality is the greatest concern. The need
for early, safe prophylaxis has been a topic in the medical literature. The results are
showing reduction in complication when early DVT prophylaxis with early, <24 hours
compared to late, > 24 hours for the initiation of therapy [1].
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5. Deep vein thrombosis chemical prophylaxis

Chemical DVT prophylaxis is the preferred therapy. In trauma patients low
molecular weight heparins are the preferred therapy. Low molecular weight heparin
and was first approved for medical use in 1993 and is derived from heparin. It has a
quick onset of action; 2 hours and it effects last for up to 12 hours. It is an indirect
anticoagulant that binds and potentiates antithrombin III (serine protease inhibitor)
through a specific pentasaccharide sequence to form a complex that irreversibly inac-
tivates factor Xa [15]. The preferred dose is a weigh based dose, (0.5 mg/kg), (6,11).
Contraindication to low molecular weight heparin would primarily be in a patient
with acute renal failure or chronic renal insufficiency with a creatine about 2.0 mg/dl.

In patient’s where low molecular weight heparin is contraindicated then unfrac-
tionated heparin would be the primary choice. Unfractionated heparin is a sulfated.
It produces its major anticoagulant effect by inactivating thrombin and activated
factor X (factor Xa) through an antithrombin (AT)-dependent mechanism. Heparin
binds to AT through a high-affinity pentasaccharide, which is present on about a third
of heparin molecules [16]. A dose of 5000 unit administered 3 times per day is the
preferred dose for DVT prophylaxis.

In the event that bleeding does occur there was several methods to address this.
The initial steps should be to reverse the effects of the chemical prophylaxis used. For
unfractionated heparin or low molecular heparin, Protamine, is the initial drug of
choice for reversal. Other options, if there is an identified source of bleeding, wound
be Interventional Radiologic procedures if available. Catheter based approaches to
bleeding control have made advances in recent years. Finally, as a last option surgical
intervention is an option.

There are circumstances where low molecular weight heparins and unfractionated
heparins are contraindicated. The most notable would be heparin induced thrombo-
cytopenia. In this condition the use of either medication will result in thrombocyto-
penia. The diagnosis is made when a reduction of the platelet count is <100,000 or a
50% drop in the absolute platelet value after initiation of one of these medications.
This can result in an increased hemorrhage risk in these patients. If the patient devel-
ops a thrombocytosis or relative drop in platelet count by 50% then Heparin Inducted
Thrombocytopenia should be considered.

Heparin inducted thrombocytopenia, (HIT) has two main categories. The first,
known as HIT-1 results on a drop the platelet count as previously stated. It is a nonim-
mune mediated reaction to these two medications typically used for DVT prophylaxis.
The second being HIT-2, this is an autoimmune response. There is the formation of
antibodies that activate platelets following the administration of low molecular weight
and unfractionated heparins. This can result in not only venous but arterial thrombosis.

The therapy for HIT —1 is immediate discontinuation of low molecular weight
and or unfractionated heparin and starting fondaparinox at the deep vein thrombosis
prophylaxis dose of 0.5 mg subcutaneously daily. With HIT-2 administration of full
dose Leperudin or Argatroban is necessary to treat the possible thrombotic effects of
HIT-2 [17].

6. Alternative to chemical prophylaxis

In the event that the patient’s hemoglobin is not stable, other non-chemical methods
can be utilized for DVT prophylaxis. The most common and least invasive would be
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Sequential Compression Devices. Contraindication to using Sequential Compression
Devices would be; known extremity clots on the limb where the device is placed, open
wound to the area the device is being applied, severe peripheral arterial occlusive disease
of the extremity as well as compartment syndrome of the extremity.

The use of other medication such as antiplatelets and medication classified as
direct oral anticoagulants are not used in DVT prevention presently. There is no real
literature to support their use for prevention of DVT. Although, there is a growing
body of evidence in the use for treatment of DVT or pulmonary embolism with direct
oral anticoagulants [9]. At present the use of antiplatelet or direct oral anticoagulants
should not be used for the primary prevention of deep vein thrombosis.

Sequential Compression Devices have been shown be very successful in preventing
deep vein thrombosis and pulmonary embolisms when used properly. Unfortunately,
there proper use has come into question. In some instances, they are used improperly
in 80% of the patients followed [4]. When used properly, their use is associated with
reduction in the deep vein thrombosis risk and with very low complication rates.

When Chemical prophylaxis cannot be instituted or if sequential compression
devices cannot be used, then inferior vena cava filters are an option. This are an inva-
sive procedure with risks associated with their placement and use. Current inferior
vena cava filters are retrievable. That is, they are designed to be removed once they
are no longer needed. Typical complication are bleeding at insertion site, deployment
malfunctions, infection, blockage of the injury to the inferior vena cava, migration of
the device and fracture of the device and injury to the inferior vena cava [8].

7. Conclusion

In Conclusion, DVT can lead to significant morbidity and mortality in trauma
patients. The prevention is paramount in limiting the risk of complication related to
DVT. The appropriate method of prevention and the timing of prevention are key
to successful limitation of deep vein thrombosis. Traumatically injured patients are
at high risk for DVT. Patient with solid organ injuries are not exempt from this risk.
Proper DVT prophylaxis is crucial to preventing DVT and the complication that are
associated with them. There are several options to prevent DVT in traumatically
injured patient with solid organ injuries. Early DVT prophylaxis has been shown to be
safe and reduces the morbidity and mortality in this patient population.
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Chapter 4

Venous Thromboembolism in
Patients with Acute Brain Injury

Mostafa A. AL Turk

Abstract

Venous thromboembolism (VTE) represents a significant and unpredictable
complication during any hospital stay. Patients with neurological injuries are at a
particularly higher risk for such complications. Both prophylaxis and treatment of
VTE in these patients present challenging and often controversial topics for intensiv-
ists and neurologists. The abundance of research and guidelines available for treating
stroke and traumatic brain injury patients has facilitated the prevention and manage-
ment of thromboembolisms in this subset of patients. On the other hand, patients
with aneurysmal subarachnoid hemorrhage can be safely initiated on anticoagulation
therapy once the bleeding vessel is secured. However, patients with spontaneous
intraparenchymal hemorrhage have traditionally been overlooked in terms of VTE
prophylaxis. Given the complexity and variability in clinical presentations, a tailored
approach is essential. This involves balancing the risks of thromboembolism against
the potential for exacerbating intracranial bleeding. Emerging evidence and evolving
guidelines continue to shape best practices, aiming to optimize outcomes for these
vulnerable patient populations.

Keywords: venous thromboembolism, unfractionated heparin, low molecular weight
heparin, acute ischemic stroke, traumatic brain injury, spontaneous intraparenchymal
bleed, aneurysmal subarachnoid hemorrhage

1. Introduction

Venous thromboembolism (VTE) represents a significant and often underappreci-
ated complication in patients with neurological injuries, including traumatic brain
injury (TBI), acute ischemic stroke, and intracranial hemorrhage. These conditions
not only predispose patients to VTE due to prolonged immobility and endothelial
injury but also present unique challenges in balancing the risks of thrombosis and
hemorrhage.

In the neurocritical care setting, the management of VTE prophylaxis and treat-
ment requires a nuanced approach that considers the delicate interplay between
preventing thromboembolic events and minimizing the risk of exacerbating intracra-
nial bleeding. The pathophysiology of VTE in these patients is multifaceted, involving
factors such as venous stasis, hypercoagulability, and direct vascular injury.
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This chapter delves into the latest evidence-based strategies for VTE prophy-
laxis and treatment in patients with TBI, acute ischemic stroke, and intracranial
hemorrhage. It explores the timing and selection of pharmacologic and mechanical
prophylaxis, the role of individualized risk assessment, and the impact of emerging
therapies. By integrating clinical guidelines with real-world practice insights, this
chapter aims to provide a comprehensive framework for optimizing patient outcomes
in this high-risk population.

2. VTE in patients with acute brain injury
2.1 Traumatic brain injury

VTE is a common hospital complication, affecting approximately six hundred
thousand patients in the USA yearly [1, 2]. TBI patients appear to be particularly sus-
ceptible, with a VTE incidence of about 20% in patients receiving VTE prophylaxis,
reaching up to 58% in some reports [3]. Patients with severe TBI often require aggres-
sive intracranial pressure (ICP) reduction, achieved through the induction of barbitu-
rate coma or the use of neuromuscular blockers. This explains the higher-than-usual
VTE incidence [4]. Other patient-specific factors associated with VTE development
include younger age, skipping one or more chemoprophylaxis doses, and the need for
neurosurgical intervention [5].

Chemoprophylaxis is proven to be effective in reducing the incidence of VTE,
without affecting mortality [6]. However, due to concerns about exacerbating exist-
ing intracranial hemorrhage, many clinicians prefer to defer chemoprophylaxis for
as long as 72 hours after hospitalization. This practice is based on several published
studies showing comparable outcomes and complications of anticoagulation in
patients receiving chemoprophylaxis either early (within 72 hours) or late (more than
72 hours) after hospital admission [7, 8]. Unfortunately, VTE can develop as soon asa
couple of hours after hospital admission, especially in critically ill patients admitted
to the intensive care unit (ICU). In other words, patients in the early group might be
developing VTE even before anticoagulation is initiated.

The use of anticoagulation in these patients has always been a topic of controversy.
The Brain Trauma Foundation released its fourth edition of the guidelines for the
management of TBI in 2017 [9]. This edition included a level III recommendation
for the use of low molecular heparin (LMWH) or low-dose unfractionated heparin
(UFH) along with mechanical prophylaxis for VTE prevention. However, due to
insufficient evidence, it did not include any recommendations regarding the optimal
agent, timing of initiation, or doses.

Some institutions prefer to start chemoprophylaxis after a 24 h stability head CT
scan has been performed, while others prefer to wait for the 48 h mark. Level I trauma
centers have been known to start VTE prophylaxis earlier than level II centers, with-
out any significantly different clinical outcomes [1]. It might be smart to continue
doing neurological checks every 1 h after initiating chemoprophylaxis.

Several recently published small cohorts have investigated the optimal agent for
chemoprophylaxis in this subset of patients. LMWH consistently demonstrates supe-
riority in terms of VTE prevention [10, 11], and it even shows reduced hemorrhagic
complications [10]. The optimal dosing also remains uncertain. UFH doses can vary
from 5000 IU twice to three times a day, and up to 7500 IU three times a day in obese
patients, administered subcutaneously. Enoxaparin, the most widely used LMWH,
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can be administered as 40 mg subcutaneously once or twice a day. Notably, one
cohort demonstrated stable clinical outcomes in TBI patients who received LMWH at
a dose of 40 mg twice a day [12]. However, these studies are limited to cohorts, and
future randomized trials are strongly warranted.

Vigorous neurological monitoring is warranted in TBI patients, especially in
severe cases and during the first few days post-injury. Clinicians should be vigilant in
recognizing any worsening neurological symptoms after initiating chemoprophylaxis
and promptly order appropriate studies, typically an emergent head CT, to check for
any new or worsening intracranial bleeding.

2.2 Acute ischemic stroke

Patients with acute ischemic stroke are inherently at higher risk of VTE compared
to other hospitalized patients. They exhibit two of the three components of Virchow’s
triad. On one hand, hemiplegia significantly limits their mobility compared to other
bedridden patients. On the other hand, having experienced a stroke renders them in
a hypercoagulable state. This theory is supported by the rates of VTE in this patient
subset, which reach 75% [13], in contrast to 10% among other patients [14].

2.2.1 Chemoprophylaxis in patients with acute ischemic stroke

Initiating VTE chemoprophylaxis is not straightforward. Canadian stroke guide-
lines recommend starting chemoprophylaxis, using LMWH or UFH, on the day of
admission for all patients are deemed high risk for developing VTE (such as those
who are dehydrated, have one or more paralyzed limbs, cannot move independently,
or have suspected or active malignancy) and do not have any contraindications [15].
In contrast, the US guidelines state that there is no proven benefit of subcutaneous
heparin for VTE prophylaxis in patients with acute ischemic stroke [16]. Although the
US guidelines do not specifically comment on the timing of initiation, they emphasize
that if initiated, there is no benefit of LMWH over UFH. Both sets of guidelines,
however, recommend the use of intermittent compressive devices (ICP) to be started
at admission for VTE prophylaxis. It is worth noting that while the Canadian stroke
guidelines were revised in 2022, the US AHA/ASA stroke guidelines were last revised
in 2019, which may explain the differences in recommendations.

Many patients receive either IV alteplase or undergo thrombectomy at the time
of presentation, which increases the risk of hemorrhagic conversion of their acute
ischemic stroke if they were started on anticoagulation too soon. Initiating chemopro-
phylaxis after administering IV alteplase better be done 24 h hours later, allowing the
alteplase effect to wane [16]. Starting chemoprophylaxis after thrombectomy better
also be done 24 h after the procedure in order to mitigate the increased risk of hemor-
rhagic conversion [16].

2.2.2 The optimal anticoagulant

Several recently published studies have investigated the optimal agent for VTE
prophylaxis is patients with acute ischemic stroke. A large cohort found that LMWH
was effective as UFH for VTE prevention and, surprisingly, had a protective effect in
terms of hemorrhagic conversion [17].

This is contrary to the general belief that UFH is safer and caries less risk of
hemorrhagic conversion compared to LWMH. Additionally, the fact that protamine

45



Venous Thromboembolism — Understanding Comorbidities, Approach to Prevention...

sulfate can neutralize UFH to a greater extent than neutralizing LMWH [18, 19] have
contributed its persistent adoption by many neurosurgeons and neurointensivists. A
possible explanation for the protective effect of LMWH is that is has more antithrom-
bin and less anticoagulant activity when compared to UFH [20, 21].

The size of the ischemic stroke also plays a significant role. Larger strokes are at
higher risk of hemorrhagic conversion, and physicians need to weigh the risks versus
benefits of starting chemoprophylaxis for these patients. Additionally, patients with
large strokes are sometimes placed on a hemicraniectomy watch (to relieve the com-
pression if the swelling gets more severe), thus chemoprophylaxis is usually deferred
until this phase is over.

2.2.3 Chemoprophylaxis extension to post hospital discharge

Many stroke patients do not recover full mobility at hospital discharge, and a
significant number are discharged to a nursing home or a long-term acute care center
(LTAC). Whether chemoprophylaxis should be continued after hospital discharge is
unknown. A recently published retrospective cross-sectional analysis showed that up
to 1.9% of stroke patients in the USA are discharged on some form of VTE prophy-
laxis, with Apixaban and Rivaroxaban being the most commonly used agents [22].
This very small percentage is not surprising, as currently available guidelines recom-
mend stopping chemoprophylaxis for stroke patients at hospital discharge, regard-
less of their mobility state or disposition. However, a recently published systematic
review and meta-analysis showed a VTE incidence reduction benefit in acute ischemic
stroke patients who received extended chemoprophylaxis (for 4 to 5 weeks) with a
minor increase in the risk of major bleeding [23]. Although composite outcomes from
different studies were included in this analysis, and despite some patients receiving
extended chemoprophylaxis while still hospitalized, this study highlights the need
for randomized trials, probably targeting stroke patients without full recovery at
discharge.

2.2.4 VTE diagnosis in stroke patients

The diagnosis of VTE in critical care patients is usually challenging. Intubated,
sedated patients cannot report limb or chest pain, and stroke patients with aphasia
face the same issue. Additionally, medical equipment covering their bodies, such as
warmers, coolers, or ICP monitors, can sometimes hinder a proper physical exam.
Physicians should be vigilant and actively look for VTE at every patient encounter.

Several studies have investigated the benefit of regular interval screening for VTE
in these patients, regardless of the presence of any signs or symptoms. One study
screened asymptomatic, non-ambulatory neurosurgical hospitalized patients using
venous duplex ultrasound. Despite all patients being on mechanical prophylaxis and
the majority receiving chemoprophylaxis, the DVT incidence was about 23% [24].
Two other studies found that elevated D-dimer was an independent significant factor
for the presence of VTE in stroke patients at admission [25] and during hospitaliza-
tion [26], suggesting the use of D-dimer for initial screening and selection of patients
in whom further diagnostic imaging might be helpful.

Although current guidelines do not recommend regular screening for VTE in
asymptomatic patients, venous ultrasound is non-invasive, safe, and relatively
inexpensive, and could potentially prevent VTE complications.
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2.2.5 Chemical vs. mechanical prophylaxis

Although chemical VTE prophylaxis is superior to mechanical prophylaxis [27],
mechanical prophylaxis is an attractive alternative in patients with a contraindica-
tion to chemical prophylaxis. Several types of devices are available with the most
commonly used being intermittent pneumatic compression (IPC) and graduated
compressive stockings (GCS). The use of such devices is not without its caveats. IPCs
mimic the skeletal muscles by creating a pulsatile blood flow in the legs’ deep veins,
while GCS increase their venous flow and velocity [28]. It is almost universally agreed
that IPCs are superior to GCS, and the latter should not be used in stroke patients
[15]. Both the Canadian stroke guidelines and the American Society of Hematology
guidelines for VTE management do not recommend combing chemical and mechani-
cal prophylaxis over chemical prophylaxis alone [15, 27]. However, a meta-analysis
published in 2016 found a moderate level of evidence supporting the combination
of chemical and mechanical prophylaxis over IPC alone or anticoagulation alone for
VTE prevention [29]. Contraindications for IPC use include the presence of limb
ischemia due to peripheral vascular disease, severe limb edema, lung ulcers, or the
presence of a DVT.

2.2.6 VTE treatment in stroke patients

VTE treatment, on the other hand, is not specific to stroke patients and follows
the treatment algorithms used for other patients. Initiation of treatment is usually
a clinical decision and depends on the risk of hemorrhagic transformation. This
decision-making process involves assessing the patient’s overall clinical status, includ-
ing factors such as the size and location of the thrombus, the patient’s hemodynamic
stability, and the potential for bleeding complications.

Although the majority of VTEs develop during hospitalization, some patients
presenting with acute ischemic stroke are found to have VTE upon admission [30].
As screening for DVT is part of every stroke workup, stroke patients with confirmed
DVT on admission may be diagnosed with cryptogenic stroke due to paradoxical
emboli. Subsequently, an extensive workup will be performed to locate a patent
foramen ovale, an atrial septal defect, or pulmonary arteriovenous malformations
through which the thrombus might have migrated from the venous to the arterial
circulation [15]. Therefore, the presence of VTE at the time of stroke admission can
complicate clinical management and necessitate a tailored approach to treatment.

In hemodynamically stable patients, stroke treatment is initially prioritized over
VTE treatment. This is because the immediate goal is to restore cerebral perfusion
and minimize neurological damage. Starting patients on therapeutic anticoagulation
in addition to dual antiplatelet therapy presents a significantly high risk of bleeding,
whether intra- or extracranial. This requires a multidisciplinary approach and careful
monitoring to ensure the best possible care for stroke patients with concurrent VTE.

In hemodynamically unstable patients due to massive acute PE, tissue plasminogen
activator (tPA) is indicated. If patients are deemed high risk for tPA due to the risk
of hemorrhagic conversion or extracranial bleed, a catheter or surgical embolectomy
should be performed [31].

Patients with VTE who receive tPA for their stroke warrant repeated imaging to con-
firm the resolution or persistence of the VTE and guide further treatment decisions. If
the VTE persists, alternative anticoagulation strategies may be considered, balancing the
risk of recurrent thromboembolism with the potential for hemorrhagic complications.
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Such strategies might include delaying the initiation of therapeutic anticoagula-
tion, particularly in patients with large ischemic strokes, usually for a period of 1 to
2 weeks. Meanwhile, an inferior vena cava (IVC) filter should be immediately placed
until therapeutic anticoagulation can be started. Other strategies include using a
single antiplatelet agent instead of dual therapy along with therapeutic anticoagula-
tion, especially in patients with mild to moderate ischemic infarcts and limited
intracranial atherosclerosis, or using anticoagulation alone without antiplatelet
agents, particularly when the origin of the stroke is embolic [15].

Many physicians choose continuous intravenous infusion of UFH as the anticoagulant
of choice for VTE treatment in this subset of patients, mainly due to the availability of an
effective reversal agent (protamine sulfate) and the relative ease of stopping the infusion
if a hemorrhagic complication occurs. After the initiation of anticoagulation, it might be
prudent to repeat brain imaging, usually with a head CT, typically done 24 hours after
therapeutic anticoagulation has been achieved. It is also recommended to keep these
patients closely monitored with frequent neurological exams until the risk period has
lapsed. Treatment duration will depend on the perceived cause of the VTE [32].

Many patients will be switched to direct oral anticoagulants (DOACs) upon
discharge. Careful consideration is required when treating patients with antiphos-
pholipid syndrome, as vitamin K antagonists are recommended over DOACs for the
treatment of VTE [32].

When compared to other patient populations, stroke patients with upper extrem-
ity hemiplegia are theoretically at increased risk of upper extremity DVT. Treatment
duration is usually 3 months. However, if the DVT is associated with a central venous
catheter that has not been removed, treatment is continued until the catheter is
removed, with a minimum duration of 3 months [32].

2.3 VTE in patients with acute intracranial bleed

Compared to patients with TBI or acute ischemic stroke, there is significantly less
data and research available on the prophylaxis and treatment of VTE in patients with
acute intracranial bleed. The remainder of this chapter will discuss the available data
on patients with aneurysmal subarachnoid hemorrhage (aSAH) and spontaneous
intraparenchymal bleed.

2.3.1 Aneurysmal subarachnoid hemorrhage

Subarachnoid hemorrhage due to a ruptured aneurysm is an increasing cause
of intracranial bleeding. Affected patients typically require a prolonged hospital
stay, regardless of the condition’s severity. They are usually monitored for cerebral
vasospasm in a critical care setting with frequent neurological checks. This extended
hospital stay, usually lasting for a couple of weeks, coupled with various neurological
deficits, puts them at a significantly higher risk for VTE development.

Many physicians are uncomfortable starting VTE chemoprophylaxis for these
patients, fearing it may worsen their intracranial bleed. However, almost all published
research and guidelines suggest starting chemical prophylaxis 24 hours after the
aneurysm has been secured (either by coiling or surgically) [33]. This aligns with
other published research showing no increased risk of craniotomy after initiating
VTE prophylaxis before 48 hours [34]. Notably, patients requiring an EVD (External
Ventricular Drainage) or mechanical ventilation had a higher rate of symptomatic
VTE:s [35], and VTEs peeked between day 5 and day 9 after hospital admission [36].
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The scarcity of published data on the initiation of therapeutic anticoagulation in
patients with aSAH necessitates a case-by-case approach to treating VTE, potentially
including the use of an IVC filter until a decision to initiate therapeutic anticoagula-
tion is made. However, having a secured aneurysm and serial head CT scans facilitates
the decision to initiate and continue therapeutic anticoagulation [37].

2.3.2 Spontaneous intvaparenchymal bleed

Although very few randomized controlled trials have been published about the use of
VTE prophylactic anticoagulation in patients with spontaneous intraparenchymal bleed,
all published data and guidelines agree that chemoprophylaxis is safe and effective,
as it reduces VTE incidence and mortality without incurring additional bleeding risk
[38-40]. IPCs should be started on the day of admission, and LMWH or UFH is ideally
started within 48 hours, after confirming a stable hematoma, usually with a plain head
CT [33, 41]. Later initiation of LMWH (at the 72-hour mark) did not show a reduced risk
of hematoma expansion, thus proving that earlier initiation of LMWH is safe [42].

Since the management of patients with spontaneous intraparenchymal bleed typi-
cally does not involve surgical intervention, physicians are often hesitant to initiate
VTE prophylaxis. This phenomenon was demonstrated in a study published in 2015,
which showed that only 16.5% of patients with spontaneous intracranial hemorrhage
received VTE chemoprophylaxis during their hospital stay, with half of these patients
starting anticoagulation on day 2 [43]. This highlights the need for clearer guidelines
and more proactive approaches to VTE prevention in this patient population.

Treating thromboembolism in such patients consistently sparks debates among
treating physicians. The absence of randomized controlled trials and the significant
variability in VTE treatment initiation dates in patients with intraparenchymal bleed,
which range from 2.5 days to 18 weeks as reported in the literature [44], further
complicates the issue. Consequently, physicians must rely on their clinical judgment
and experience, often considering patient-specific factors and the potential risks and
benefits of early versus delayed treatment. The location of bleeding may influence the
decision on when to initiate therapeutic anticoagulation. It has been demonstrated
that lobar bleeds carry a higher risk of hematoma expansion following the initiation
of therapeutic anticoagulation with DOACs, compared to deep bleeds [45]. The pres-
ence of a stable hematoma might also influence the decision [46]. An IVC filter might
be a temporary solution until therapeutic anticoagulation is started.

3. Conclusion

In the end, starting anticoagulation for critically ill patients requires a holistic
approach, considering comorbidities not discussed above, such as extracranial bleed-
ing, thrombocytopenia, coagulation disorders, and more. Ultimately, this decision is
made on a case-by-case basis, typically involving a collaborative decision between the
intensivist and the neurologist. In tertiary care centers, this often includes input from
neurointensivists and stroke specialists.
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Abstract

Disseminated intravascular coagulation (DIC) is a complex clinical syndrome
characterized by systemic activation of coagulation pathways, leading to the formation
of microvascular thrombi, which can result in multi-organ dysfunction and bleeding
due to the consumption of coagulation factors and platelets. In patients with pros-
tate cancer, DIC poses a significant diagnostic and management challenge due to its
multifactorial etiology, overlapping clinical features with other coagulopathies, and its
impact on patient outcomes. DIC often presents with non-specific symptoms that over-
lap with those of advanced prostate cancer and its treatments, which may lead to delays
in diagnosis. While the prognosis for prostate cancer patients with DIC is generally
poor, active cancer therapy, including androgen deprivation therapy (ADT), chemo-
therapy, and newer anticancer therapies can improve overall survival by addressing
the underlying malignancy. Understanding the interplay between prostate cancer
progression and hypercoagulation provides a foundation for developing individualized
precision medicine strategies to prevent and manage DIC in prostate cancer patients,
potentially improving outcomes in this challenging clinical scenario. Future research
will continue to refine these approaches, integrating new discoveries into personalized
care strategies that address both the malignancy and its hematologic complications.

Keywords: prostate cancer, disseminated intravascular coagulation (DIC), diagnosis,
prognosis, management, genetic alterations, individualized approach, precision
medicine, outcome

1. Introduction

Prostate cancer is the most diagnosed cancer in men and is the second leading
cause of cancer-related deaths in men each year [1]. At diagnosis, most patients have
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localized disease. However, 5-6% of patients are diagnosed with metastatic disease
and 30-40% of patients will develop biochemical recurrence after definitive treatment
(surgery and/or radiotherapy). A substantial proportion of these patients will develop
metastatic prostate cancer. The mainstream treatment of prostate cancer remains
androgen deprivation therapy (ADT) given the nature of the disease. However, with
progression of disease, the hormone sensitive prostate cancer could develop into
castration resistant prostate cancer despite ADT in the long term with more cancer
related complications [2]. Prostate cancer can lead to the activation of coagulation
cascade which could present as a spectrum ranging from clinically asymptomatic, only
with laboratory markers of coagulation activation, to the extreme case of disseminated
intravascular coagulation (DIC) manifesting as treatment-resistant thrombosis or
life-threatening bleeding. The pathophysiology of DIC involves widespread activation
of the coagulation cascade, leading to the formation of microthrombi throughout the
vasculature, which can result in organ dysfunction and bleeding due to the consump-
tion of clotting factors and platelets [3]. While DIC is a rare manifestation in prostate
cancer, its occurrence signifies a poor prognosis and presents significant diagnostic
and management challenges due to the complex interplay between cancer progres-
sion, coagulopathy, and treatment-related factors [3-6]. Better understanding of the
epidemiology, pathophysiology, diagnosis, and management of DIC in the context of
prostate cancer is crucial for improving patient care.

2. Epidemiology
The incidence of DIC in prostate cancer is not well-defined due to its rarity and

often subclinical presentation. However, DIC in metastatic prostate cancer is likely
underrecognized and underdiagnosed due to several factors (Table 1). The clinical

Diagnostic
challenges

Common causes

Non-Specific
Symptoms

Early symptoms of DIC, such as mild bleeding (e.g., epistaxis) or thrombosis, can be
non-specific and easily attributed to other conditions, leading to delayed recognition

Overlap with Cancer

Symptoms of DIC can overlap with those of advanced prostate cancer, such as fatigue,

Symptoms weight loss, and general malaise, making it challenging to distinguish between the
two conditions.

Laboratory Test Routine coagulation tests may not always clearly indicate DIC, especially in the early

Limitations stages.

Complex The pathophysiology of DIC in prostate cancer involves complex interactions

Pathophysiology between tumor-derived factors and the coagulation system, which can complicate the

diagnosis.

Lack of Awareness

There may be a lack of awareness or suspicion among clinicians regarding the
association between DIC and prostate cancer, particularly in cases where DIC is the
initial manifestation of prostate cancer.

Diagnostic In patients with advanced or metastatic prostate cancer, the presence of multiple
Challenges comorbidities and the effects of prior treatments can obscure the clinical picture,
making the diagnosis of DIC more challenging.
Table1.

Common causes for delay in diagnosis or misdiagnosis of disseminated intravascular coagulation (DIC) in
prostate cancer.
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presentation of DIC in prostate cancer patients is often less acute and more insidious
compared to DIC associated with conditions like sepsis or trauma. This can lead to a
more chronic and subclinical progression, where the initial symptoms may be subtle
or nonspecific, such as mild thrombocytopenia or elevated D-dimer levels, which
can also result from prostate cancer involvement of the bone marrow and treatment
related adverse events. Moreover, the pathophysiology of DIC in prostate cancer
involves complex interactions between tumor cells and the coagulation system,
including the role of extracellular vesicles exposing tissue factor, which may not be
routinely assessed in clinical practice. Over the past two decades, the number of case
reports documenting DIC in prostate cancer has indeed increased. This rise is likely
due to a combination of increased awareness of this rare but serious complication
and the development of more effective cancer therapies that allow patients to live
longer. As patients survive longer due to advancements in treatment options, there
are more opportunities to observe complications like DIC that might have previously
gone unnoticed. This also highlights the importance of careful monitoring and timely
intervention in managing coagulopathy in prostate cancer patients [6].

A retrospective analysis by Hyman et al. identified 42 prostate cancer patients
with DIC and excessive fibrinolysis (DIC XFL) [4]. The common risk factors for
DIC in prostate cancer patients include high Gleason Score, advanced disease stage,
castration-resistant prostate cancer, prior chemotherapy, and surgical intervention.
Most of these patients had high-grade prostate cancer, with 26% having a Gleason
score of 7 and 45% having a Gleason score of 8-10. Most cases of DIC occurred in the
setting of metastatic disease, with 93% of patients being resistant to castration and
50% having received prior chemotherapy. In a study of 85 patients by Ni and Wang,
the median age was 68 years (range, 44-92 years) [6]. Most patients (98%) have
adenocarcinoma, two (2%) patients with small cell carcinoma. The median of PSA
was 614 ng/ml (range: 0.8-8138). A Gleason score of 8 or higher was found in 67% of
patients. Distant metastasis was reported in 98% of patients.

3. Pathophysiology of DIC in prostate cancer

The development of DIC in prostate cancer is a multifactorial process (Table 2).
Tissue factor (TF) plays a critical role in the coagulation system and is significantly
implicated in the pathophysiology of DIC in the setting of prostate cancer. TF is a
transmembrane glycoprotein that initiates the extrinsic pathway of coagulation by
binding to Factor VII/VIla, leading to thrombin generation and fibrin clot formation
[6]. The overexpression of TF in prostate cancer, particularly in the advanced stages
of disease leads to increased procoagulant activity and contributes to the hyperco-
agulable state observed in these patients. Elevated levels of extracellular vesicle-
associated TF have been documented in prostate cancer patients with DIC, indicating
that tumor-derived EVs exposing TF play a significant role in the development of
DIC [7-11]. The interaction between tumor-derived EVs, monocytes, and platelets
further amplifies TF activity, promoting coagulation and contributing to the systemic
activation of the coagulation cascade seen in DIC. This mechanism underscores the
intrinsic relationship between cancer progression and coagulation abnormalities, as
controlling the underlying malignancy often leads to an improvement in DIC.

Prostate cancer, particularly in its metastatic form, is associated with increased
expression of factors like cancer procoagulant (CP), which has direct thrombin-like
activity, further contributing to the hypercoagulable state [12]. Moreover, metastatic
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Molecular mechanism

Tumor-Derived Factors Extracellular vesicles (EVs) from prostate cancer cells with high TF expression
exhibit significant pro-coagulant activity, promoting thrombin generation and
correlating with the oncogenic and metastatic potential of the cells.

Inflammatory Pro-inflammatory cytokines (IL-6, TNF-a, IL-1p) activate endothelial cells and

Cytokines monocytes, increasing procoagulant factors.

Genetic and Epigenetic TF expression is regulated by oncogenes and environmental factors, and tumor-

Alterations derived TF-positive EVs are associated with increased thrombin generation and
cancer progression.

DNA methylation and histone modifications alter the expression of procoagulant
and anticoagulant genes.

Tumor Cancer-stromal cell interactions lead to the secretion of pro-inflammatory and
Microenvironment procoagulant factors.
Platelet Activation Altered megakaryocyte function in bone marrow leads to platelets with increased

procoagulant properties.
Direct interactions activate platelets, releasing procoagulant factors and
microparticles.

Table 2.
The molecular mechanisms and insights into DIC in prostate cancer.

involvement of the bone marrow can lead to the release of procoagulant substances,
while liver metastases or other organ dysfunctions can impair the clearance of
activated clotting factors, exacerbating the coagulopathic process. Addition, inflam-
matory cytokines released by the tumor or in response to treatment can enhance
coagulation. Tumor invasion and metastasis can lead to endothelial damage, further
promoting coagulation. The resulting imbalance between coagulation and fibrinolysis
leads to the characteristic features of DIC: thrombosis in small and medium-sized ves-
sels and consumption of platelets and coagulation factors, which predispose patients
to bleeding [13].

Prostate cancer patients, even in early stages, may exhibit a hypercoagulable state.
Invasive procedures such as prostate biopsy can exacerbate coagulation disorders in
early-stage prostate cancer [11]. In advanced prostate cancer, this hypercoagulable
state can progress to DIC. The increased tumor burden seen in metastatic castrate
resistant prostate cancer (mCRPC) correlates with higher levels of these procoagulant
factors, leading to more severe DIC. This is because larger or more aggressive tumors
release more EVs, which in turn increases systemic procoagulant activity. This height-
ened procoagulant state results in the formation of microthrombi, consumption of
clotting factors, and subsequent bleeding complications, all of which are hallmarks of
severe DIC [7, 9, 10].

DIC is a complex coagulopathy characterized by systemic activation of coagula-
tion pathways, leading to the consumption of coagulation factors and platelets, and a
concurrent process of hyperfibrinolysis. The degree of fibrinolytic activation in DIC
varies, resulting in three distinct types: DIC with suppressed fibrinolysis, DIC with
enhanced fibrinolysis, and an intermediate type known as balanced fibrinolysis. DIC
with enhanced fibrinolysis is the least common subtype and is notably linked to pros-
tate cancer. This subtype is characterized by massive thrombin generation combined
with systemic pathologic hyperfibrinolysis, leading to severe bleeding due to excessive
plasmin formation [4, 14-16].
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4. Diagnosis

The clinical diagnosis of DIC involves recognizing a constellation of signs and
symptoms, supported by laboratory findings [15-19]. These include prolonged
prothrombin time (PT), activated partial thromboplastin time (aPTT), low fibrino-
gen levels, and elevated D-dimer levels. However, these laboratory abnormalities are
non-specific and therefore must be interpreted in the context of the patient’s overall
clinical picture. DIC in prostate cancer may present with symptoms such as bleeding
(mucosal bleeding, hematuria, gastrointestinal bleeding, or intracranial hemor-
rhage), thrombosis (e.g., deep vein thrombosis, pulmonary embolism, or arterial
thrombosis), and purpura, petechiae, and signs of organ dysfunction (including
renal failure, hepatic dysfunction, and respiratory distress) [4-6] all of which are
non-specific findings and can be attributed to other etiologies, particularly in cancer
patients who may already have a tendency for bleeding or clotting abnormalities. The
constitutive symptoms of DIC, such as fatigue, shortness of breath, and bleeding,
can overlap with the symptoms of advanced prostate cancer or its treatments. This
complexity contributes to diagnostic challenges and delays in diagnosis if clinicians
do not maintain a high index of suspicion (Table 3). For instance, thrombocytopenia
in a prostate cancer patient might be attributed to chemotherapy or bone marrow
infiltration by metastatic cancer, rather than DIC.

Ni and Wang characterized the presentation of 85 patients presenting with DIC
and prostate cancer [6]. At diagnosis of DIC, the median platelet count was 75 *10° /L
(range: 3-205). Regarding the presenting symptoms of DIC, subcutaneous bleeding
was reported in 64% of cases; hematuria in 27%. Invasive procedures including pros-
tate biopsy might have been the provoking events of DIC in 25% of the cases. Bleeding
induced by DIC included subcutaneous bleeding in 52 patients (64%), hematuria in
22 (27%), epistaxis in 21 (26%), invasive procedure (incision, biopsy, trauma, opera-

tion) bleeding in 20 (25%), gastrointestinal bleeding in 18 (22%), oral in 13 (16%),
and cerebral bleeding in 6 (7%).

Differential diagnosis

Key clinical and laboratory features

Distinguishing factors from DIC

Primary Fibrinolysis

Bleeding tendencies, elevated
D-dimer, low fibrinogen

Lacks widespread microvascular
thrombosis seen in DIC

Thrombocytopenias of
Diverse Etiologies

Low platelet counts, bleeding

Normal D-dimer, usually normal
PT/aPTT

Thrombotic
Microangiopathies
(TMAs)

Thrombocytopenia, microangiopathic
hemolytic anemia, organ dysfunction

Typically no significant coagulation
factor consumption as seen in DIC

Sepsis

Systemic inflammatory response
syndrome (SIRS) criteria, potential
coagulopathy

Need to distinguish if coagulopathy
is due to infection or underlying
malignancy

Liver Disease

Prolonged PT/aPTT, low fibrinogen,
signs of hepatic dysfunction

No microvascular thrombosis,
additional signs of liver dysfunction

Vasculitis

Bleeding and thrombosis, signs of
systemic inflammation

Specific laboratory markers and
signs of systemic inflammation

Table 3.

The differential diagnoses of DIC in patients with prostate cancer.
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5. Management of DIC in prostate cancer

Management of DIC in prostate cancer remains challenging due to the inherent
biologic heterogeneity of prostate cancer, its varied clinical presentations, and the
lack of evidence-based treatment strategies. The central dogma behind the treatment
of DIC is to treat the underlying etiology, which is made more difficult in relapsed
prostate cancer by the limited options and potential side effects of cancer therapies,
which can exacerbate thrombocytopenia or worsen coagulation abnormalities.

5.1 Anticancer therapy

No Randomized Control Trials (RCTs) have ever been done for the treatment of
DIC in prostate cancer; however, case reports suggest the role of hormonal therapies,
such as luteinizing hormone-releasing hormone (LHRH) agonists and antiandrogens,
chemotherapy and radio-labeled treatments that can help reduce the overall disease
burden and provide control or resolution of DIC in these patients [18-22].

In our previous study of 85 patients, individuals receiving cancer-directed therapy
at the time of DIC had a significantly prolonged median overall survival (OS) of
12 months compared to 2 weeks in those receiving only best supportive care (BSC)

(p < 0.001) [6]. In another study, the reversal of DIC with excessive fibrinolysis in
prostate cancer patients was observed in 20% of metastatic patients who received
new chemotherapy regimens. This intervention extended the median survival from

4 weeks to 26 weeks, indicating a significant improvement in outcomes with effective
chemotherapy [4]. Feinstein reported [3] that prompt diagnosis and treatment of

the underlying malignancy can result in the resolution of DIC. The study emphasizes
that if the tumor is responsive to chemotherapy, a reasonable median survival can be
achieved. The primary mechanism of survival benefits is likely due to the effective
control of the underlying malignancy, which also reduces the procoagulant activity of
cancer cells and mitigates the hypercoagulable state associated with DIC.

The most critical issue in managing DIC in prostate cancer is the need for prompt
diagnosis and the careful weighing of treatment options in a rapidly evolving and
life-threatening situation. The decision-making process in such cases is indeed chal-
lenging due to the narrow window for intervention, where oncologists must balance
the risks and benefits of initiating cancer therapy against supportive care. Individual
patient and tumor characteristics, along with the extent of disease and prior treat-
ment history, often play a decisive role in determining whether to pursue aggressive
interventions or prioritize supportive care measures. If chemotherapy is initiated,
close monitoring of the patient’s response and any adverse effects would be crucial.
Managing DIC in prostate cancer requires a multidisciplinary approach involving
close collaboration among oncologists, hematologists, critical care specialists, and
other healthcare providers. This collaboration is essential for optimizing both cancer
treatment and the management of coagulopathy, including the use of supportive
measures such as platelet transfusions, fresh frozen plasma, and anticoagulants as
appropriate. The team should regularly reassess the benefits versus risks of continu-
ing or modifying therapy as the patient’s condition changes.

Recurrent DIC in prostate cancer patients is a significant clinical challenge, largely
driven by underlying risk factors such as cancer characteristics, progression, and dis-
ease burden. The recurrent nature of DIC is often linked to these predisposing factors,
which can include baseline hematological abnormalities and the presence of DIC at the
time of initial cancer diagnosis. As the disease progresses, these factors can exacerbate
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the risk, leading to recurrent episodes of DIC. DIC may serve as a possible indicator of
progression or loss of efficacy of the cancer therapy. Fortunately, there has been a rapid
expansion in treatment options for the management of metastatic prostate cancer since
the publication of our previous study. Androgen receptor signaling inhibitors (ARSIs)
offer potent androgen receptor blockade and can be effective in managing advanced
prostate cancer, potentially providing an alternative to chemotherapy in some cases.
Radium-223 is alpha-emitting radiopharmaceutical which specifically targets bone
metastases, delivering localized radiation and can help manage bone pain and progres-
sion in metastatic prostate cancer. PSMA-targeted radioligand Lutetium177 is a novel
approach by delivering radioactive isotopes directly to prostate cancer cells, providing
another therapeutic option for patients with advanced disease [23].

The advent of cancer-agnostic therapies, which target specific molecular altera-
tions regardless of the cancer’s tissue of origin, offers new possibilities in this context.
For example, targeting actionable mutations or pathways involved in both tumor
progression and coagulation could provide a dual benefit—controlling the tumor
and mitigating the coagulopathy. This approach is particularly promising for patients
with rapidly progressive tumors where traditional therapies might not be effective.
The ability to improve outcomes in these patients, even in the presence of refractory
metastatic disease, represents a significant advancement in cancer care. By focus-
ing on individualized treatment strategies that consider the unique aspects of each
patient’s disease and coagulopathy, oncologists can make more informed decisions
that potentially improve both survival and quality of life.

5.2 Supportive care

The primary goals of supportive care in DIC for prostate cancer patients are to
stabilize coagulation, manage bleeding and thrombotic complications, treat the
underlying malignancy, and provide individualized care based on continuous moni-
toring. Supportive care should be individualized based on the patient’s symptoms,
laboratory results, and the severity of the coagulopathy [5, 22]. Continuous monitor-
ing of coagulation parameters and clinical status is essential.

Patients with DIC often experience significant bleeding (e.g., subcutaneous
bleeding, hematuria) and thrombotic complications, which can severely impact their
quality of life. Managing these symptoms may involves the administration of blood
products such as fresh frozen plasma (FFP), cryoprecipitate, and platelet transfusions
to replenish depleted coagulation factors and platelets, thereby managing bleeding
and stabilizing coagulation parameters [6, 17, 18, 24]. Antifibrinolytic agents like
epsilon-aminocaproic acid can be used to manage excessive fibrinolysis in the setting
of persistent bleeding; however, these agents are highly pro-thrombotic and must be
used cautiously in the setting of DIC where microthrombi are being formed. In addi-
tion, doses of unfractionated heparin or low molecular weight heparin (LMWH) may
be employed to prevent thrombosis, provided there is no significant bleeding risk and
therapeutic doses can be used in patients with active thrombus; however these must
be used cautiously [17, 18, 24-26].

6. Prognosis

The prognosis of DIC in prostate cancer varies significantly with the stage of the
cancer. DIC is rare in early-stage prostate cancer and has a more favorable prognosis
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with appropriate management of both the underlying malignancy and the coagulopa-
thy. Prompt diagnosis and treatment are crucial to improving outcomes. Effective
treatment of the underlying malignancy often leads to an improvement in DIC, as
controlling the cancer reduces the procoagulant activity driving the coagulopathy.

Since DIC is often seen in the terminal stages of the disease, where therapeutic
options are limited, and patients are often too frail to undergo aggressive interven-
tions, the prognosis for advanced prostate cancer patients with DIC is generally poor.
Recent studies showed that active cancer therapy may improve survival in a subgroup
of patients, which highlights the importance of aggressive treatment of the underly-
ing malignancy to improve survival outcomes [4-6].

While aggressive treatment options are available and may be appropriate for
some prostate cancer patients with DIC, palliative care and hospice provide essential
alternatives that focus on quality of life and patient-centered care. For patients who
prioritize comfort and dignity over the continuation of aggressive interventions, these
services offer compassionate and comprehensive support. The decision to transition
to palliative care or hospice should be guided by the patient’s goals, values, and the
clinical realities of their condition, ensuring that care is aligned with what matters
most to the patient and their family.

7. Genomic insights into the interplay between oncogene, alteration,
prostate cancer progression, hypercoagulation, and DIC

The interplay between oncogene alterations, genomic evolution, prostate cancer
progression, hypercoagulation, and DIC is a complex process. The genetic mecha-
nisms responsible for neoplastic transformation, progression, metastasis (activation
of oncogenes and inactivation of tumor suppressor genes) directly induce the expres-
sion of genes controlling hemostasis. Alterations of oncogenes and tumor suppressor
genes can lead to the release of pro-coagulant factors, such as tissue factor-containing
extracellular vesicles, which initiate and propagate the coagulation cascade. This shift
towards a hypercoagulable state, driven by the tumor’s aggressive behavior, ultimately
results in DIC [27-34]. The coagulation system’s activation can also influence cancer
cell behavior, potentially leading to further genetic and epigenetic changes that drive
tumor evolution [28-33]. Activation of blood coagulation cascade results in a selective
advantage for cancer cells, as fibrin provides a scaffold for anchorage and invasion,
and coagulation proteins induce receptor-mediated intracellular signals promoting
invasive growth. The procoagulant activity of cancer cells also share the core mecha-
nisms of cancer onset and progression [30, 31].

8. Precision medicine approach

Given the limited treatment options often associated with late-stage disease, the
need for biomarker-guided therapy selection is more critical than ever. The integra-
tion of genomic and clinical biomarkers into the management of DIC in prostate can-
cer allows for a more personalized and precise approach to therapy (Table 4). Recent
studies demonstrate that the so-called ‘castration-resistant’ tumors are still dependent
on androgen receptor signaling. Various molecular mechanisms (e.g., androgen recep-
tor gene amplification, overexpression, AR Splice Variants (e.g., AR-V7) or mutations,
enhanced AR signal transduction) have been reported in castration-resistant prostate
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Biomarker Drug class Treatment options can be
considered
Treatment naive Androgen Deprivation Therapy Bicalutamide, Leuprolide,
(ADT) goserelin, and degarelix
Treatment naive Androgen Receptor Pathway Abiraterone acetate,
Inhibitors (ARPI) enzalutamide, apalutamide, and
darolutamide.
De Novo high risk metastatic Combination Therapy Triplet or Doublet Therapy
prostate cancer
AR Amplification, AR-V7, PTEN, Chemotherapy Docetaxel,cabazitaxel
RB1 Aberrations
Aggressive Variant Prostate Cancer Chemotherapy Docetaxel
cabazitaxel

Carboplatin plus cabazitaxel

Bone dominant metastasis Radiopharmaceuticals Radium-223 (Xofigo)
Prostate-specific membrane antigen Radiopharmaceuticals Pluvicto (lutetium Lu 177
(PSMA) vipivotide tetraxetan)
Homologous recombination repair PARP Inhibitors Olaparib and rucaparib

gene mutations
DNA Damage Repair (DDR) defects

Mismatch repair deficiency Anti-PD-1 antibody Pembrolizumab
(dMMR) or microsatellite
instability-high (MSI-H)

Mutational burden-high (TMB-H) Anti-PD-1 antibody Pembrolizumab
[>10 mutations/megabase (mut/

Mb)]

NTRK gene fusions Selective tropomyosin receptor Larotrectinib

kinase (TRK) inhibitor

HER2-positive (IHC3+) Antibody-drug conjugate Trastuzumab deruxtecan
(ADC)

Table 4.
Biomarkers guide the selection of cancer therapy in patients with prostate cancer associated DIC.

cancers. AR amplification is a common mechanism of resistance in mCRPC, occur-
ring in up to 80% of cases. Tumors with AR amplification are typically resistant to AR
signaling inhibitors such as enzalutamide and apalutamide. Effective targeting of the
androgen pathway in mCRPC often requires a combination of strategies, tailored to
the specific molecular characteristics of the cancer [35]. Our observation of genetic
alterations at the time of DIC in prostate cancer patients such as AR amplification
provides insight on disease resistance and progression and help guide the selection of
next-line therapies. For patients with AR amplification who progress on AR signaling
inhibitors, switching to chemotherapy (e.g., docetaxel or cabazitaxel) may be ben-
eficial. Additionally, ongoing research into novel agents targeting AR amplification
and other resistance mechanisms continues to advance the therapeutic landscape

for mCRPC. Similarly, the observation of gene amplifications of receptor tyrosine
kinase at the onset of DIC in advanced prostate cancer mirrored previous findings

[4, 32-34]. In patients with DIC, identifying these amplifications may prompt the use
of targeted therapies that inhibit these pathways, potentially controlling tumor-driven
coagulopathy [35]. Alterations in tumor suppressor genes such as TP53, PTEN and

63



Venous Thromboembolism — Understanding Comorbidities, Approach to Prevention...

RB1 are associated with more aggressive disease and poor prognosis. In the setting of
DIC, these alterations may guide the use of chemotherapy or experimental therapies.
The presence of multiple tumor suppressor gene alterations may indicate the need

for combination therapy or enrollment in clinical trials exploring novel agents [36].
Defects in DNA damage repair (DDR) genes (e.g., BRCA1, BRCA2, ATM) are linked
to a subset of prostate cancers with increased sensitivity to PARP inhibitors [37]. High
TMB and MSI instability are markers of genomic instability and are associated with
responsiveness to immunotherapy [38]. In prostate cancer patients with DIC, these
markers may guide the use of immune checkpoint inhibitors, offering an alternative
approach when conventional therapies are limited by coagulopathy.

The treatment paradigm for de novo high volume metastatic hormone-sensitive
prostate cancer has evolved rapidly in the past decade with the approval of several life-
prolonging therapies including docetaxel chemotherapy and multiple androgen recep-
tor pathway inhibitors (ARPI). Treatment-naive patients with high-risk features should
be considered for aggressive upfront therapy, including doublet or triplet therapy to
maximize disease control [39]. Bone metastasis is a common site of disease in prostate
cancer and is associated with skeletal-related events. Identifying patients with bone-
dominant disease through bone imaging can guide the use of therapies targeting bone
metastases, such as radiopharmaceuticals, radium®* [40]. 68Gallium-Prostate-Specific
Membrane Antigen-11 (68Ga-PSMA-11) or 18Fluorine-DCFPyL (18F-DCFPyL)
positron emission tomography (PET) scan imaging can identify patients with mCRPC
who are suitable candidates for PSMA-targeted therapies like Pluvicto (lutetium Lu
177 vipivotide tetraxetan) [41]. Finally, D-dimer, Fibrinogen, and Platelet Levels are
essential for monitoring the severity of DIC and assessing the risk of bleeding versus
thrombosis. By leveraging these biomarkers, clinicians can tailor treatment strategies to
the individual patient’s tumor biology and clinical status, optimizing outcomes even in
the face of complex and challenging conditions like DIC (Figure1) [42, 43].
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Figure 1.

The plot illustrates the gene amplification (*) of the androgen receptor (AR) gene and multiple tyrosine kinase
receptor genes in a 68-Year-Old Patient with advanced Prostate Cancer at the time of onset of DIC. This patient,
who had previously undergone extensive treatment for advanced prostate cancer, developed DIC, and ctDNA
analysis revealed these genetic amplifications, which were not present at the time of diagnosis. The findings suggest
a potential link between cancer progression, key oncogenic alterations, and the development of DIC. The patient
was subsequently treated with mitoxantrone in combination with prednisone, leading to the resolution of DIC.
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9. Conclusion

DIC associated with prostate cancer represents a rare but devastating complication
that can occur in advanced prostate cancer, presenting significant challenges in diag-
nosis and clinical management. Despite its severity, DIC in prostate cancer remains an
area with no specific guidelines or prospective trials to guide treatment. The manage-
ment of DIC in the context of prostate cancer requires a multidisciplinary approach,
including better understanding the underlying mechanisms, improving early diag-
nosis, and addressing both the underlying malignancy and the coagulation disorder.
As our understanding of the molecular underpinnings of DIC in cancer evolves, new
diagnostic tools and therapeutic strategies are likely to emerge. By tailoring treatment
to the individual patient’s clinical, genetic and molecular profile, clinicians can more
effectively manage the complex interplay between cancer and coagulation, potentially
improving outcomes and quality of life for patients facing this challenging condition.
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Treatment of Venous Diseases
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Abstract

This chapter analyzes the use of minimally invasive endovascular techniques for
the treatment of acute and chronic venous diseases, demonstrating their improved
use due to the development of new materials and improved techniques. We conclude
that today, we can treat everything from acute venous thrombosis, with the aim of
reducing progression to chronic venous disease, to pulmonary embolism, with the
aim of reducing mortality and improving quality of life. In addition, pulmonary
embolism is prevented with vena cava filters that are increasingly easy to implant, and
venous compressions and chronic venous occlusions are treated with stents dedicated
to the venous system.

Keywords: venous thrombosis, thromboembolic disease, pulmonary embolism, vena
cava filters, venous insufficiency

1. Introduction

Venous thromboembolism (VTE), including deep vein thrombosis (DVT) and
pulmonary embolism (PE), is the third most common cardiovascular condition after
myocardial infarction and stroke, with an estimated incidence between 0.7 and 2 per
1000 person-years [1]. Patients typically develop venous thromboembolism because
of any modifications associated with the classic Virchow triad (Figure 1), which delin-
eates the underlying physiological changes that precipitate the formation of thrombi
within the venous system. These alterations encompass those affecting the venous
wall, the process of blood coagulation, and the characteristics of blood flow [2].

Chronic obstruction is the predominant aspect in approximately one-third of
patients with post-thrombotic syndrome (PTS), in addition to valve reflux and
varicose veins [3].

Up to 50% of patients with DVT will develop PTS within 2 years, with 10% of
those cases being the most severe. Patients with iliofemoral DVT are at a higher risk
of developing PTS (70-80%) [4]. Obstruction in the iliac-femoral segment, with or
without reflux leads to high levels of venous hypertension (Figure 2). Therefore, a
more aggressive approach is recommended in the acute phase of this type of proximal
DVT, as recanalization rates are low (20-30%) by anticoagulation therapy alone
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Figure 1.

Virchow Triad scheme. Available from: https://www.medicinehack.com/2011/07/virchows-triad.html
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Figure 2.
Scheme of venous valve dysfunction. Available from: www.veinstreatment.com

is used, especially in younger patients [5]. Chronic venous obstruction: diagnostic
considerations and therapeutic role of percutaneous iliac stenting [6].

Therefore, if possible, iliofemoral DVT should be treated in the acute phase with
thrombolysis/thrombectomy to prevent the high morbidity associated with PTS. As
aresult, some of these patients will need to be treated in the chronic phase. However,
many patients have contraindications to the use of anticoagulants or thrombolytics,
and in these cases, the use of vena cava filters and compression stocking may be the
one treatment possible [7, 8].

The development of endovascular procedures has revolutionized the diagnosis
and treatment of chronic venous obstruction. In 2000, Neglén and Raju published a
major case series on the technical aspects and initial clinical outcomes of angioplasty
with auto-expandable stents. They achieved a technical success rate of 98% and
primary patency rates of 82, 91 (assisted primary), and 92% (secondary) for 1 year.
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Although multicenter randomized studies have not been published, the literature
suggests recommendations with level 1B evidence due to the low risk of the procedure
compared to the benefits. This is especially true for patients with disabling symptoms
where clinical treatment is ineffective and conventional Palma surgery or prosthesis is
the only available option [9, 10].

Pulmonary embolism is a potentially fatal complication of DVT, with an annual
incidence rate of VTE ranging between 75 and 269 cases per 100,000 persons [11, 12].
It has an acute phase with high morbimortality and a chronic phase, when the patient
should develop sequels, like pulmonary hypertension and right cardiac failure [13].
The development of the tomographic images with contrast allows an accurate diag-
nosis in emergency settings, and the novel oral anticoagulants show very safe and
effective treatment to many patients. In the PE with right cardiac stress and elevated
levels of cardiac biomarkers, today have devices to allow a quick cleaning of pulmo-
nary tree [14].

Finishing the chapter, we discuss the vena cava filters, an important device to
avoid mortality by PE in patients with high risk of DVT or with DVT but contrain-
dications to anticoagulants [15]. The chapter highlights the three main factors that
contribute to venous congestion and hypertension: reflux caused by valve incompe-
tence, obstruction of venous drainage, weakness in the calf muscle pump, and other
complications like pulmonary embolism (PE) and these treatments.

2. Pulmonary embolism

PE is the leading cause of preventable death in hospitalized patients [16]. Around
40-60% of symptomatic DVT cases have asymptomatic venous thromboembolism
(EP), and 50-70% of symptomatic EP cases have asymptomatic DVT. It is estimated
that around 600,000 cases of PE occur in the United States each year, with a mortality
rate of around 300,000. Acute PE is the third leading cause of death in hospitalized
patients [17].

It is thought that there are three basic categories of acute PE: simple PE, without
hypotension or signs of right heart overload; sub-massive PE, with signs of right
ventricular overload but without hypotension; and massive PTE, with hypotension
and signs of severe right ventricular overload [18].

The pathophysiology of PE is characterized by the direct physical obstruction of
the pulmonary arteries, hypoxic vasoconstriction, and the release of potent pulmo-
nary arterial vasoconstrictors, which further increase pulmonary vascular resistance
and right ventricular afterload. Acute pressure overload of the right ventricle can
result in hypokinesia and dilatation of the right ventricle, tricuspid regurgitation,
and associated insufficiency. A significant overload of the right ventricle can result in
increased exertion, which may lead to ischemia due to increased myocardial oxygen
demand and concomitant limitations of its supply due to hypoxemia and increased
parietal tension [19, 20].

2.1 Percutaneous intervention indications

In the event of an acute PTE, it is imperative that risk stratification be con-
ducted expeditiously, with the optimal intervention then being implemented. The
management of pulmonary embolism (PE) has become more complex due to the
expanded role of catheter-based therapies, surgical thrombectomies, and cardiac
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assist technologies, such as right ventricular assistance devices and extracorporeal
support. The heterogeneous nature of PE necessitates a multidisciplinary team
approach [21, 22].

The American College of Chest Physicians (ACCP) has recommended that percu-
taneous catheter-directed therapy (CDT) be considered in patients with pulmonary
thromboembolism (PE) associated with hypotension and who have contraindications
to systemic thrombolysis, unsuccessful thrombolysis, or shock [23].

Currently, computer tomography (CT) angiography represents the most effective
diagnostic and assessment tool for identifying the anatomical severity of PE [24].
However, it is not without limitations, including cost, availability, and the use of high
volumes of contrast. In instances where the use of contrast is not desired, transtho-
racic echocardiography can be employed to assess the hemodynamic consequences of
PE and indicate the necessity for more invasive intervention. Additionally, bedside
intravascular ultrasound can be utilized to identify central pulmonary emboli [25].

The identification of right ventricular overload allows for the stratification of risk
in normotensive patients with PE, indicating the potential for treatment other than
anticoagulation [26]. Echocardiographic findings indicative of the condition include
hypokinesia and dilatation of the right ventricle, flattening of the interventricular
septum and paradoxical movement toward the left ventricle, as well as an abnormal
trans mitral Doppler flow profile, tricuspid regurgitation, pulmonary hypertension
with a maximum tricuspid jet velocity greater than 2.6 m/sec, and loss of inspira-
tory collapse of the inferior vena cava. A ratio of the diameter of the right ventricle
to that of the left ventricle (RV/LV) greater than 0.9, as assessed by transthoracic
echocardiography in the left parasternal and subcostal axes, has been identified as
an independent predictor of hospital mortality (Figure 3). Another piece of data
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Figure 3.
The pathophysiology of acute PE. PVR indicates pulmonary vascular resistance. (Reprinted with permission from:
Ref. [27]).
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to be analyzed is the size of the right ventricle in relation to the left ventricle on CT.
The same cut-off of 0.9 predicts sub-massive PE and predicts higher morbidity and
mortality with a greater chance of long-term sequelae in surviving cases [28, 29].

Moreover, in patients with pulmonary embolism and contraindications to throm-
bolytic and anticoagulant therapy, the implantation of an inferior vena cava filter
should be considered. Endovascular management of pulmonary embolism can be
divided into two categories: therapeutic and prophylactic treatments. Prophylactic
treatment includes the placement of an inferior vena cava filter, whereas endovascular
therapeutic interventions encompass a range of catheter-directed therapies. The
indications for both modalities have evolved over the past decade in response to the
emergence of new evidence [30].

2.2 Percutaneous endovascular techniques

Catheter-directed thrombolysis (CDT) for pulmonary thromboembolism (PE) is
carried out using low-profile catheters and devices, mechanical embolus, and throm-
bus fragmentation and/or catheter-directed embolus aspiration, with or without
intrathrombus thrombolytic injection. The decision as to whether thrombolytics are
used in CDT and their dose will depend on the expected risk of bleeding. The ultimate
objective is to reduce the central thrombus, thereby alleviating the cardiac overload
that is the underlying cause of death and improving pulmonary and systemic oxy-
genation. In the case of massive PE, catheter-directed thrombolysis with associated
mechanical methods is carried out, while in sub-massive PTE, only catheterization
and intrathrombus infusion of thrombolytics can be performed [31, 32].

2.3 Catheter-directed thrombolysis

The rationale for catheter-directed thrombolysis (CDT), which was established
in patients with acute arterial occlusion, is that rapid lysis is achieved with lower
doses of thrombolytic therapy, resulting in fewer serious bleeding complications.
Interventional catheterization techniques for massive pulmonary embolism (PE)
include mechanical fragmentation of thrombus with a standard pulmonary artery
catheter, clot pulverization with a rotating basket catheter, percutaneous rheolytic
thrombectomy, or pigtail rotational catheter embolectomy. If the risk of bleeding is
not significant, it is possible to combine pharmacologic thrombolysis and mechanical
interventions [33].

The objective of catheter extraction of thrombus is to reduce pulmonary
arterial resistance to a sufficient extent to alleviate pulmonary artery hyperten-
sion, thereby alleviating right ventricular dilatation and dysfunction and rapidly
increasing cardiac output. Catheter embolectomy rarely results in the extraction
of massive pulmonary arterial thrombus. Instead, more often, clot fragments
are suctioned through the catheter or displaced distally, resulting in only modest
angiographic improvement [34].

In accordance with the contemporary definition of CDT, two principal proto-
cols may be employed. In the case of massive PE, the catheter-directed thrombo-
lytic drug bolus is utilized in conjunction with mechanical clot fragmentation and/
or aspiration, with the objective of rapidly reducing the central clot. Flow studies
have demonstrated the significant importance of fragmenting the thrombus and
directing the infusion into the thrombus to achieve greater effectiveness in dissolv-
ing the thrombus [35].
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3. Acute DVT

Thromboembolic disease is a multifactorial disorder with a prevalence ranging
from 0.9 to 1.84/100,000 people/year. In acute cases, the most feared condition
is pulmonary embolism (PE). DVT can be proximal or distal [36]. Only about 50
percent of patients with DVT have obvious clinical signs and symptoms, so scores
have been developed to define the likelihood of testing for the condition, with the
Wells score being the most widely used. The most commonly performed initial test
for suspected cases is venous color Doppler ultrasound [37]. The clinical diagnosis
of DVT is imprecise because only 20 to 40 percent of patients with symptoms are
confirmed by symptoms are confirmed by objective tests. On the other hand, 15 to
50 percent of DVT cases do not present a DVT with a characteristic initial clinical
picture. Therefore, the definitive diagnosis is based on complementary investiga-
tions. Among the available diagnostic methods, Duplex Mapping (DM) is considered
the gold standard in non-invasive tests, showing good sensitivity and specificity for
proximal and specificity for proximal DVT. However, this accuracy decreases for
distal DVT (in the leg veins), with sensitivity and specificity of around 70 in this seg-
ment [38]. The risk of pulmonary embolism appears to be low in isolated DVT of the
leg veins, but there is a risk of progression of distal thrombosis to proximal segments
to proximal segments of up to 20%. For this reason, some authors believe that in cases
of negative MD for DVT, it should be repeated within 7 days to detect thrombi in days
to detect thrombi in progression. To simplify the diagnostic approach, [39] Wells et al.
developed a clinical prediction model that model that classifies patients according to
their risk of DVT. This model, combined with non-invasive complementary tests, has
been shown in several studies in the diagnosis of DVT [40].

Also, acute deep vein thrombosis can develop in addition to PE, phlegmasia
cerulea dolens, or phlegmasia alba dolens (Table1).

* Plegmasia cerulea dolens is a rare complication of DVT, usually due to extensive
iliofemoral DVT [41]. It is a medical emergency requiring immediate treat-
ment with a risk of death and limb loss. Secondary involvement of the arterial
system may occur [42]. Clinically, there is significant asymmetric edema, pain,
and compartment syndrome with the absence of distal pulses and neurologi-
cal symptoms. Cancer, hypercoagulable states, vena cava filters, previous

Clinical characteristics Score
Current Cancer 1
Paresy, paralisy, immobilization 1
Immobilization >3 days or major surgery until 4 weeks 1
Sensibility in deeper veins 1

Calf swelling >3 cm

Depressible swelling

Superficial colateral veins

Other probabli diagnosys

Table 1.
Wells score for DVT.
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PTYV, oral contraceptives, venous stasis, and trauma are the most common risk
factors [43]. It can range from uncomplicated PCD to venous gangrene and, if
not treated in time, has an amputation rate of 12-25% and a mortality rate of
25-40% [44].

In the case of compartment syndrome, fasciotomy should be performed prior to
any intervention. Venous release should then be attempted [45].

In this case study, a 45-year-old male patient with no additional medical condi-
tions was admitted to the emergency department with a sudden onset of pain in his
left lower limb. Upon physical examination, we observed stiffness of the entire limb
and severe cyanosis. He was immediately submitted to decompressive fasciotomy of
the thigh and leg, with indication for mechanical thrombolysis with a rheolytic device
the following day, as the images below show. This procedure required the use of a
stent in the left iliac artery and implantation of a vena cava filter beforehand. There
was no evidence of thrombophilia or neoplasia, only evidence of previous mechanical
obstruction of the common iliac left vein (Figures 4-12).

Pharmacomechanical thrombectomy has the same final outcomes in cases of
phlegmasia cerulea and alba dolens as catheter-directed thrombolysis, but the treat-
ment time is shorter, and there is a potential reduction in the dose of fibrinolytic used.
There are also reports of a lower chance of developing post-thrombotic syndrome
when using rapid pharmacomechanical thrombolysis while preserving the venous
valves [46].

Phlegmasia Alba Dolens - is another rare complication of iliofemoral DVT, usu-
ally with significant pain and swelling throughout the limb. There may be arterial
vasospasm, coldness, and reduced pulses. Pulmonary embolism is more common in
patients with proximal than distal DVT and occurs in more than 50% of proximal
DVTs with a mortality rate of 5-30%. It may lead to rhabdomyolysis but less than
phlegmasia cerulea dolens [44].

Figure 4.
Phelgmasia ceriilea dolens in left side.
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Figures.
Emergencial fasciotomy.
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Figure 6.
Thrombosed leg veins visualized by distal venography with direct function.
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Figure 7.
Popliteal vein catheterization by open view of tibial vein distally.

Figure 8.
Femoral vein after pharmacomechanical thrombolysis.
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Figure 9.
Iliac vein obstruction.

Figure 10.
Angioplasty with ballonn and stenting after reccanalization of occlusion.
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Figure 11.
Ballon angioplasty of external iliaca left vein and stentitng.

Figure 12.
Final aspect after 1 month in the same patient without any sequelae.

4. Chronic DVT

Following an acute DVT episode, if the patient does not develop a fatal pulmonary
embolism and can undergo outpatient anticoagulant treatment, they may show
significant improvement, with complete lysis of the thrombi and few sequelae o
ris possible that varying degrees of intraluminal fibrosis may develop, which could
potentially lead to some long-term consequences [47]. These could include persistent
edema, venous claudication, leg ulcers, and a significant worsening of quality of life
[48]. The most common treatment is the use of compression stockings, phlebotonics
and physical exercise [49]. However, some cases do not respond to these measures,
and endovascular treatment is indicated. In such cases, stents are more commonly
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used in iliac occlusions. PTS is a complication with a significant public health impact,
with a range of signs and symptoms including chronic pain, edema, hyperpigmenta-
tion, and stasis ulcers in the lower limbs occurring approximately 2 years after the
acute DVT episode [50].

Historically, the treatment of DVT has been based on full anticoagulation.
However, even before the development of modern imaging techniques and
endovascular surgery, attempts were made to improve the living conditions of
severely symptomatic patients due to iliac obstructions. One such attempt was the
classic Palma operation. However, due to their greater invasion and the need for
experienced surgeons to achieve optimal outcomes, they are now performed with
great infrequency, with angioplasty with stents becoming the preferred approach
[51, 52].

5. Indications for endovascular treatment

Patients with previous non-rechanneled iliac-femoral DVT, venous claudication,
volumous and refractory edema, ochre dermatitis, dermofibrosis, and stasis ulcers [53].

5.1 Examination

Venous duplex ultrasound plays an important role in the follow-up and diagnosis
of patients with PTS, but it has shortcomings when it comes to examining the iliac
veins, which are not well visualized by the method [54]. Other image evaluations
are venous magnetic resonance angiography, a good option, especially in the iliac
cava region and in cases where the use of iodinated contrast is contraindicated. It has
limitations in terms of access and cost [55].

Peripheral vein intravenous (IV) contrast tomography is the most widely used
test for preoperative diagnosis and surgical planning. In addition to providing
images of the iliofemoral axis, it evaluates surrounding structures that may cause
compression and other pathologies that may confuse the diagnosis. Venography
by computer tomography (CT) angiography or direct venous angiography is a
technique that has shown advantages in the detail of the images compared to the
usual technique, since deep veins are poorly contrasted due to the travel time of the
contrast agent [56].

This technique involves puncturing a vein in the foot and watching the contrast
flow cranially. It is a better technique for assessing flow before surgery. Venography is
an objective test and is still considered the gold standard for the assessment of chronic
DVT. It is ideally performed by US-guided puncture [57].

Intravascular ultrasound (IVUS) has been recommended as the best diagnostic
tool in iliofemoral disease, as it allows a better understanding of the etiology of the
lesion, vessel diameter, and wall thickening and contributes to better accuracy of
stent implantation [57, 58].

Testing for thrombophilia is important in cases of recurrent thrombosis, thrombo-
sis with an unknown cause in young patients and those with a known family history
of venous thromboembolism, as well as in rare cases such as splanchnic thrombosis,
cerebral thrombosis and thrombosis resistant to anticoagulant therapy, and involves
testing to antiphospholipid syndrome and the presence of lupus anticoagulants or
anticardiolipin/anti-beta2 glycoprotein IgG or IgM [59].

80



Endovascular Techniques for the Treatment of Venous Diseases
DOI: http://dx.doi.org/10.5772/intechopen.1007880

5.2 Procedure

If the lesion is an isolated iliac lesion, single access can be made via the femoral
common vein, but depending on the extent of the segment involved, punctures may
be made in the popliteal vein in the prone position, the internal saphenous vein, the
femoral vein in the thigh, the external saphenous vein, and the jugular vein.

After puncture, hydrophilic guidewires with a 0.035 angled tip, a 5fr introducer,
and diagnostic catheters are used. Larger introducers up to 10 Fr are used for stent and
balloon implantation. In terms of the angioplasty balloon used, the balloon catheter
chosen should preferably be non-compliant to allow angioplasty at high pressure, and its
size should be appropriate for the large diameter of the veins [60]. Today, we have other
specific stents for the venous territory with good radial strength and flexibility [61].

Despite some differences, they should all have common characteristics such as
larger sizes, greater resistance to extrinsic compression, and a balance between radial
strength and flexibility.

The entire obstructed segment should be treated so that the inflow has an unob-
structed passage to the outflow. In the case of veins, due to their high elasticity, stents
should always be used, avoiding the primary balloon. An important consideration is
the patency of the deep femoral vein and its outflow into the common femoral vein
to maintain good inflow to the stent, especially if the femoral vein in the thigh is
occluded [62, 63].

Following is a real-life case demonstration with a 24-year-old patient who presented
with DVT after taking oral contraceptives. After 3 months of treatment with compres-
sion stockings and full anticoagulation with rivaroxaban, her condition did not improve,
with edema, venous claudication, and cyanosis in the evening in the lower right limb.
Venous Doppler ultrasound of the left lower limb was requested, revealing recanalization

Figure 13.
Venography after ultrasound-guided puncture of the femoral vein in the thigh with fibrosis in the femoral veins
and signs of chronic left iliac occlusion.
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in the popliteal and femoral veins in the thigh and deep vein, but still with fibrosis and
no recanalization in the common femoral and iliac veins. Angio tomography conformed
to the picture, so we requested an endovascular procedure aimed at iliofemoral recanali-
zation with a stent, as described below (Figures 13-18).

Figure 14.
After passing the hydrophilic stiff guidewive under the vert catheter, pre-dilation with a 4 mm x 100 balloon and
then a 12 mm x 60 balloon.

OR. LEO!

Figure 15.
Intense vesistance to dilation by the balloon is observed due to fibrosis.
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Figure 16.
After dilation, implantation of 16 x 150 and 14 x 100 dedicated venous Stents with an overlap area of 4 to 6 cm.

Figure 17.
The stents were extended to a healthy avea of femoral inflow below the entrance to the deep femoral artery, which
was patent.
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Figure 18.
Final appearance with good flow through the stents and absence of contrast in the collateral circulation.

6. Vena cava filters

Anticoagulant treatment is the standard and can prevent PE in cases of ilio-
femoral DVT in up to 95% of cases. However, there are situations where the use of
anticoagulants is contraindicated or there is a risk of PE even when anticoagula-
tion is prescribed. In such cases, the use of inferior vena cava filters is recom-
mended [64].

The recurrence rate in properly treated patients is between 1.2 and 1.4%, and the
incidence of recurrent and fatal PE is less than 0.1% [65].

Thrombi that embolize into the pulmonary artery mostly originates from the
lower extremities. Therefore, methods have been developed over the years to obstruct
the flow from the lower limbs to the pulmonary arteries to prevent pulmonary
embolism. The initial procedure performed was the ligation of the inferior vena cava,
which was carried out by Trendelenburg in 1906 [66].

The external clip placement in the inferior vena cava was first described in 1939.
The Mobin-Uddin umbrella was the first filter created in the early 1970s [67, 68].

Technological advances have led to more effective devices with fewer complica-
tions and smaller calipers, even allowing bedside implantation using ultrasound [69].

The Kimray Greenfield filter was introduced shortly after the Mobin-Uddin
filter. Its conical design and stainless-steel structure have since become the industry
standard [70].

Clinical diagnosis of pulmonary embolism is challenging and often unreli-
able. The multicenter PIOPED study revealed no significant clinical differences
between patients with confirmed pulmonary embolism and those without.
Shockingly, only 30% of patients who died because of PE were correctly diag-
nosed, and between 30 and 50% of diagnostic angiographies performed yielded
positive results [71].

CT angiography has a sensitivity of more than 90% for diagnosing pulmonary
artery embolism, according to the PIOPED 2 study (Figure 19) [72].

84



Endovascular Techniques for the Treatment of Venous Diseases
DOI: http://dx.doi.org/10.5772/intechopen.1007880

Figure 19.
Vena cava filter implanted in infrarenal position (author).

7. Conclusions

Endovascular surgery has demonstrated significant effectiveness and applicability
in treating arterial, coronary, and cerebrovascular systems. Recently, new techniques
and devices have expanded their use in treating venous diseases, resulting in more
effective treatment and less morbidity in situations that previously required aggres-
sive surgery, such as chronic venous obstructions and pulmonary thromboembolism.
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