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Preface

The Tata Memorial Hospital has pioneered the cause
of EBM in oncology in India and has been conducting
the annual meeting on EBM in common cancers for
the past sixteen years. The 17th conference on
“Evidence Based Management of Cancers in IndiaEBM 2019” is being held from 1st March to 3rd
March 2019. Each year we have focused on different
aspect of cancer care; collated and published the best
available evidence in the form of”EBM book” which
is also easily accessible at our official website. This
year we will be focusing on Clinical Genomics in
Hemato-Oncology, Hepato-Pancreato-Biliary
Malignancies and Cancer associated thrombosis. This
helps busy clinicians from all over the country and
abroad to get updated on the best available evidence
in oncology in a span of 3-4 days, thereby translating
into better overall patient care. Renowned
international and national faculty members will cover
the above topics in a very focused and succinct
manner

Thromboembolism frequently complicates the
course of malignancy, particularly in the setting of
medical and surgical anti-cancer treatments. Cancer
associated thrombosis (CAT) can involve both the
venous and arterial systems. It is associated with
increased morbidity, mortality, psychological and
financial burden. The exact incidence of cancer
associated thrombosis is not known in India.
Appropriate prevention and treatment of cancerassociated thrombosis is vital to reduce its burden
on patients with cancer and on the health system at
large.The management of CAT is associated with
many clinical challenges.Cancer patients who
experience VTE fare worse with respect to major
bleeding and death, compared with those who do
not have VTE.More recently, the direct-acting oral
anticoagulants are being evaluated for the treatment
of CAT and their use in the cancer setting is
increasing. Despite a strong evidence base for best
practice, adherence to clinical guidelines is variable
and decision-making is inconsistent across the
specialties involved in the management of CAT
resulting in suboptimal care which can have a
negative impact onpatient safety, quality of life and
treatment expenses. A holistic multidisciplinary
approach to CAT is essential. At the Tata memorial
hospital a dedicated cancer thrombosis clinic has
been established for over last 10 years and we have

formed a multidisciplinary hospital cancer
thrombosis working group. This book will focus on
recent advances in the understanding of
thepathogenesis, prevention and treatment of
thrombosis in cancer patients, both from the basic
and clinical research points of view.

February 2019
Mumbai

Prof R A Badwe
Director,
Tata Memorial Centre

1. Overview of Cancer Associated
Thrombosis

In 1823, Jean-Baptiste Bouillaud published what appears
to be the first report of an association between cancer
and thrombosis and in 1865, Armand Trousseau reported
an association between gastric cancer and venous
thrombosis. Venous thromboembolism (VTE), is a major
cause of morbidity and mortality in cancer patients. VTE
is the second leading cause of death in cancer patients
Cancer patients are also predisposed to arterial
thrombosis, nonbacterial thrombotic endocarditis,
thrombotic microangiopathy and veno-occlusive disease.
VTE encompasses deep venous thrombosis (DVT) of the
lower limbs which is the most common manifestation,
followed by pulmonary embolism (PE), upper-limb DVT,
cerebral sinus thrombosis, visceral thrombosis and
migratory superficial thrombophlebitis. Cancer-associated
thrombosis has a negative impact on the quality of life of
affected individuals and their caregivers and is a resourceintensive burden on healthcare systems.
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Epidemiology
It is estimated that about 4–20% of patients with cancer
experience venous thrombosis with the annual incidence
of 0.5% compared to 0.1% in the general population.
Overall, cancer patients constitute 15–20% of the patients
diagnosed with VTE. Thrombosis can be the first sign of a
malignant disease, preceding the clinical detection of
cancer by months or even years. Patients with cancer are
four to seven times more likely to develop VTE than
noncancer patients. The reported incidence varies widely
between studies depending on patient population, start
and duration of follow-up, and the method of detecting
and reporting thrombotic events. The highest rate of VTE
is seen in the initial period after diagnosis and mortality
from VTE is highest one year after diagnosis. VTE and
thrombotic complications are the second most frequent
cause of mortality in patients with cancer. The incidence
of VTE in cancer is on the rise. Novel anti-cancer drugs,
particularly antiangiogenic agents, may be contributing to
this increase. VTE in cancer is associated with a 21% annual
risk of recurrent VTE, a 12% annual risk of bleeding
complications, requirement of long-term anticoagulation,
and interruption of chemotherapy.
Asian countries account for more than half the world’s
population and their contribution to the global VTE related
burden of disease is considerable, albeit at lower levels
than Western countries. As per a recent systemic review,
population-wide incidence estimates of VTE in general
population in Asia were approximately 15 to 20% of the
levels recorded in western countries but have increased
over time. Recent studies have shown that the incidence
2

of VTE is significant in Asian patients with cancer,
particularly those in an advanced stage. Cancer associated
VTE is more severe and associated with higher morbidity
and mortality. Unprovoked VTE is associated with an
increased risk of subsequent cancer diagnosis. In a study
from India, the incidence of VTE was 17. 46 per 10 000
admissions. Malignancy (31%) was the most common
predisposing factor, followed by postoperative status (30%)

Pathophysiology
The pathogenesis of hypercoagulable state in cancer is
complex and involves several interdependent mechanisms
. The risk factors include general factors, cancer specific
factors and cancer treatment related factors (Table 1).
The risk varies proportionately to the treatment being
considered which may vary from type of surgery or the
use of chemotherapy, hormonal therapy, anti-angiogenesis
agents. Chemotherapy increases the risk of thrombosis by
causing endothelial damage. It also activates coagulation
pathways by decreasing coagulation inhibitors (proteins C
and S as well as anti-thrombin III) and by impairment of
synthesis of natural anticoagulants. Chemotherapy also
leads to release of cell-free DNA and induction of aberrant
cytokine release thereby stimulating platelet aggregation.
The biological mechanism involves activation of direct
coagulation pathway due to interaction among cancer
cells, host cells, and the coagulation system. The principal
mechanisms of thrombosis include the expression of
hemostatic proteins by tumor cells (tissue factor, TF), the
production by tumor and/or host cells of microparticles
3

Table 1: Risk factors for CAT
General

Cancer related

Treatment related

Older age

Site of cancer: brain,
pancreas, stomach,
gynecologic,
hematologic
malignancies,
lung, colon

Surgery lasting more
than 60 min

Gender
Immobility
Previous VTE

Histology
Comorbidities –
obesity,
pulmonary
disease,
renal disease,
infections,
thrombophilia

Chemotherapy
(L-asparaginase,
thalidomide,
lenalidomide,
gemcitabine,
platinum based)

Stage of cancer:
advanced stage

Hormone therapy

Initial period of
diagnosis

Anti-angiogenic
therapy

Extrinsic compression Erythropoiesis
of vessel or direct
stimulating agents
invasion by tumor
Blood transfusions
Central venous lines
Steroids

(MP), inflammatory cytokines (i. e. TNF-α, IL-1β), and
proangiogenic factors (VEGF, bFGF), and the tumor cell
expression of adhesion molecules to bind platelets,
endothelial cells and leucocytes . The same properties also
contribute to tumor progression. TF, constitutively
expressed on the malignant cell surface, plays a
fundamental role in thrombin generation in cancer, but
4

also contributes to tumor progression by directly inducing
VEGF expression by both malignant and host vascular cells.
This property regulates tumor neo-vascularization and
provides an important link between coagulation,
inflammation, thrombosis and tumor growth and
metastasis. Another emerging mechanism of tumorpromoted clotting activation is the heparanase activity,
which upregulates the expression of TF by interacting with
the tissue factor pathway inhibitor (TFPI) on the surface
of endothelial and tumor cells, thereby causing the
dissociation of TFPI with a subsequent increase in TF
activity. Another mechanism of thrombosis can be
inhibition of fibrinolytic activity by affecting the
plasminogen activator inhibitor-1.In various malignancies,
neutrophils are primed to release their contents in the
form of NETs, resulting in direct activation of procoagulant
pathways, platelet activation and inhibition of naturally
occurring anticoagulant pathways, including tissue factor
pathway inhibitor. Thus cancer-mediated hypercoagulability occurs as a consequence of direct activation
of procoagulant pathways by cancer cells or from indirect
systemic effects of cancer on a variety of cell types.

Risk assessment models
The interaction and relative effects of the several risk
factors associated with VTE in cancer patients is highly
complex, making the pretreatment risk assessment
difficult. The updated ASCO VTE Guidelines Panel
recommends against the use of a single risk factor or a
single biomarkers to identify high-risk patients, and instead
recommends the use of a Risk Score models that
5

incorporate multiple variables to identify the high-risk
patients.

Treatment issues
The primary objectives for the treatment of deep venous
thrombosis (DVT) are to prevent pulmonary embolism
(PE), reduce morbidity, and prevent or minimize the risk
of developing the postthrombotic syndrome (PTS).
Effective prophylaxis and treatment of VTE reduces
mortality and morbidity, and improves quality of life. The
mainstay of medical therapy has been anticoagulation
since the introduction of heparin in the 1930s. Lowmolecular-weight heparin (LMWH) is preferred as an
effective and safe means for prophylaxis and treatment of
VTE. It has largely replaced unfractionated heparin (UFH)
and vitamin K antagonists (VKAs). To help clinicians in the
prevention and management of thrombotic events in
cancer patients, a number of guidelines have been released
from national and international scientific societies. These
recommend LMWH-based therapy over warfarin-based
therapy as the preferred VTE treatment in cancer patients
for the initial therapy and long term therapy . The decision
regarding the continuation of anticoagulation beyond the
first three to six months is largely based on weighing the
risk for recurrent thrombosis against the risk of major
bleeding. Some challenging issues in cancer patients with
VTE are patients with renal impairment, thrombocytopenia, catheter related thrombosis, incidental VTE,
patients with bleeding and recurrent VTE .

6

Despite the existence of several evidence-based guidelines
that delineate appropriate anticoagulation regimens for
primary and secondary prophylaxis of VTE and long-term
anticoagulation in cancer patients, a significant proportion
of cancer patients do not receive appropriate prophylaxis.
Novel oral anticoagulants (NOACs) that directly inhibit
factor Xa (eg, rivaroxaban, apixaban, edoxaban) or
thrombin (dabigatran etexilate) have already replaced
warfarin as the preferred agents for treatment of venous
thromboembolism in patients without cancer based on the
results of multiple large, randomized controlled trials.
Cancer-specific trials suggest that NOACs are non-inferior
to LMWH for the prevention of recurrent VTE, albeit with
increased bleeding risk.

Summary
VTE can cause short and long term morbidity and
mortality, as well as impact a patient’s cancer treatment.
Appropriate prevention and treatment of cancerassociated thrombosis is vital to reduce its burden on
patients with malignancy and on the health system at large.
The development of risk assessment models to predict
thrombosis in cancer is important for identifying high-risk
patients. Low-molecular-weight heparin is preferred as an
effective and safe means for prophylaxis and treatment of
VTE. There are no multicentre prospective data on the
occurrence and treatment of VTE in patients with cancer
in India. There is a need to study the outcomes,
complications and incidence of VTE in cancer patients in
India.
7
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2i. VTE Prophylaxis in Ambulatory
Cancer Patients on Chemotherapy

Background
Occurrence of VTE in cancer patients is associated with
higher mortality and is the second most common cause
of death after cancer itself in these patients. The increased
incidence and high mortality suggest the need for
prophylaxis in the patients. VTE prophylaxis in cancer
patients who are undergoing surgery or hospitalized has
been recommended, however the data regarding VTE
prophylaxis in ambulatory patients with cancer is limited
and controversial. In this chapter we will discuss the risk
assessment models for VTE, the available evidence and
guidelines for prophylaxis in ambulatory cancer patients.

Assessment of Risk of Cancer-Associated VTE in
Outpatients
To maximize the risk-benefit ratio of thromboprophylaxis
it would be appropriate to have methods for identification
of patients with high-risk of developing VTE. Khorana et al
developed a risk score (Table 1) based on the five clinical
9

parameters in a cohort of 2701 patients and further
validated it an independent cohort of 1365 patients. The
scoring system stratifies patients in low, intermediate and
high-risk categories with expected VTE risk of 0.3%, 1.8%
and 6. 7%respectively. Unfortunately, most of the
randomized controlled trails have not used this scoring
system while addressing the question of role of
thromboprophylaxis. The model has high negative
predictive value but lacks specificity. The clinical application
has shown limited applicability in several single centre
studies for ambulatory patients. Various attempts have
been made to improve the sensitivity by addition of biomarkers like p-selectin and D-dimers. Another risk
assessment model developed by COMPASS-CAT group has
shown promise but its external validation is awaited.
Table 1 : Khorana predictive model for chemotherapy
associated VTE
Risk factor
Site of primary tumor
Very high risk (stomach, pancreas)
High risk
(lung, lymphoma, gynecologic, bladder, testicular)
All other sites

Points
2
1
0

Prechemotherapy platelet count > 350, 000/μl

1

Hemoglobin level <10 g/dL or use of ESAs

1

Prechemotherapy WBC >11, 000/μl

1

BMI ≥35 kg/m2

1

ESA – erythropoietin stimulating agent
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VTE Prophylaxis in Outpatient
Evidence addressing the role of prophylaxis
Several studies addressing the role of VTE prophylaxis in
ambulatory cancer patients have been done. Some of them
included patients with multiple malignancies (PROTECHT
and SAVE-ONCO) and others have focused on the highrisk population like advanced pancreatic cancer(PROSPECT
CONKO-004, FRAGEM), advanced breast cancer (TOPIC-1)
metastatic lung cancer (TOPIC-2). Both PROTECHT and
SAVE-ONCO showed significant reduction in the incidence
of symptomatic VTE with low molecular weight heparin
(Nadroparin and Semuloparin), as compared to placebo
without significant increase in the in the risk of major
bleeding. However, both studies failed to show any survival
advantage. A meta-analysis of 11 trials published in 2014
evaluated the role of LMWH in solid malignancies.
Thromboprophylaxis with LMWH resulted in a significant
decline of both symptomatic VTE (RR 0.46, 95% CI 0.32–
0.67) and pulmonary embolism (RR 0.49, 95% CI0.29–
0.84). This decline was more evident in patients with lung
(RR 0.42, 95% CI 0.25–0.71) and pancreatic cancers (RR
0.31, 95% CI 0.18–0.55). Meta-analysis of 6 of the 11trials
that reported survival outcomes revealed no significant
benefit for LMWH in 1-year mortality rates (RR 0.93, 95%CI
0.83–1.04). There was no significant increase in major
bleeding events (RR 1.28, 95% CI 0.84–1.95).
The trials in advanced breast and lung cancer (TOPIC-1 and
2) using certoparin did not show similar benefit in reducing
the incidence of symptomatic VTE except in stage IV NSCLC.
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On the other hand, trials in advanced pancreatic cancer
showed efficacy of LMWH. The FRAGEM study
demonstrated a reduction in VTE from 28% in the
dalteparin arm to 12% in placebo arm in patients receiving
gemcitabine chemotherapy (p = 0.039; HR 0.14).
PROSPECT-CONKO 004 addressed the role of enoxaparin
in ambulatory patients with advanced pancreatic cancer
receiving first line chemotherapy. At 3 months,
thromboprophylaxis with enoxaparin showed a significant
reduction in the rate of VTE from 9. 87 to 1.25%. The overall
cumulative incidence rates of symptomatic VTEs dropped
from15. 1% in the control group compared to 6. 4% in the
enoxaparin group (HR 0.40; 95% CI 0.19–0.83; p = 0.01). A
recent meta-analysis of randomized controlled trials
investigating the risk and benefit of thromboprophylaxis
with LMWHs in ambulatory patients with advanced
pancreatic cancer receiving chemotherapy, included a total
of 738 patients and thromboprophylaxis lasted 3–6
months. The crude VTE incidence rate was 2.1% in the
LMWH group compared to 11.2% in the control groups
(risk ratio, 0.18; 95% CI0.083–0.39; p < 0.0001). The
absolute risk difference in VTE was 0.092 (95% CI 0.127 to
0.057; p < 0.0001) and the estimated number needed to
treat to prevent one symptomatic VTE event was 11
patients. The risk ratio (pooled) for major bleeding was
1.25 (95% CI 0.48–3. 3, p = 0.65).
Certain anti-cancer agents like cisplatin, thalidomide and
lenalidomide are associated with high-risk of VTE. Studies
have established the role of aspirin and LMWH (based on
the number of risk factors for VTE) in preventing VTE in
patients with multiple myeloma receiving thalidomide or
lenalidomide along with steroids.
12

Summary
Based on the available evidence the VTE prophylaxis
cannot be recommended routinely for all ambulatory
patients with solid tumour. The prophylaxis can be
considered for patients with high -risk based on the other
clinical parameters (other predisposing factors) or Khorana
score and can be counselled for thromboprophylaxis.
However, they need to be monitored closely for any
evidence of bleeding. The only group with clear
recommendation is multiple myeloma.
The International Myeloma Working group has suggested
following guidelines based on the risk assessment (Table 2)
Table 2 : VTE risk assessment in patients with myeloma
Individual risk factors

Myeloma related risk factors














Obesity
Previous VTE
Central venous catheter/
pacemaker
Associated disease
o Cardiac disease
o Chronic kidney disease
o Diabetes
o Acute infection
o Immobilisation
Surgery
o General surgery
o Any anesthesia
o Trauma
Medications- erythropoietin
Blood clotting disorders




Diagnosis
Hyperviscosity
Myeloma therapy
o High dose dexa
(>480mg/month)
o Doxorubicin
o Multi agent
chemotherapy
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Both individual and myeloma-related risks of VTE should
be taken into account in determining the type of
thromboprophylaxis.
o

If no risk factor, or any one risk factor is present,
aspirin 81-325 mg once daily is recommended.
o If two or more risk factors are present, LMWH
(equivalent of enoxaparin 40 mg once daily) or fulldose warfarin, international normalized ratio (INR)
2-3, is recommended.
If any myeloma therapy-related risk factor is present, then
LMWH (equivalent of 40 mg enoxaparin once daily) or fulldose warfarin (target INR 2-3) is recommended.
Which agent to use:
The recent Cochrane review based on 26 randomized
clinical trials has suggested that LMWH result in reduction
in symptomatic VTE. The benefit was not shown with
warfarin in this study.
Based on the available data LMWH should be considered
in patient who are being selected for thromboprophylaxis.
The data on aspirin is only in patients with multiple
myeloma on immunomodulators without any risk factor
for VTE.
The newer oral anticoagulants as direct thrombin inhibitors
(ie, dabigatran) and direct factor Xa inhibitors (ie, apixaban,
rivaroxaban and edoxaban)—offer the convenience of oral
administration, and as opposed to VKAs, they have more
predictable pharmacodynamics and require no routine
laboratory monitoring in most patients . Two ongoing
14

clinical trials are testing the safety and efficacy of NOACs
in ambulatory cancer patients.

Commonly used pharmacologic
thromboprophylaxis options for patients with
cancer







Unfractionated heparin, 5000 IU SC every 8 to 12
hours
Dalteparin, 5000 IU SC every 24 hours
Enoxaparin, 40 mg SC every 24 hours
Tinzaparin, 4500 IU (or 75 units/kg) SC every 24 hours
Fondaparinux, 2.5 mg SC every 24 hours

Contraindication to thromboprophylaxis
Absolute
1. Recent CNS bleed, hemorrhagic CNS metastases
2. Active bleeding (major) : more than 2 units transfused
in 24 hours
Relative
1. Chronic, clinically significant measurable bleeding >
48hours
2. Thrombocytopenia <50000/microL, anticipated
thrombocytopenia
3. Heparin induced thrombocytopenia
4. Severe platelet dysfunction (uremia, medications,
dysplastic hematopoiesis)
5. Recent major surgery at high risk for bleeding
15

6.
7.
8.
9.

Underlying hemorrhagic coagulopathy
High risk for falls (head trauma)
Interventional spine and pain procedures
CNS metastasis (caution for tumor types and other
comorbidities)
10. Long term antiplatelet therapy
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2ii. VTE prophylaxis in Hospitalized
Patients with Cancer
(other than for surgery)

The incidence of VTE appears to be rising in hospitalized
cancer patients, who have a 2.2-fold increased risk of
mortality with a VTE compared with similar patients
without VTE. Three important guidelines provide current
recommendations for VTE prophylaxis(the American
Society of Clinical Oncology (ASCO), the National
Comprehensive Cancer Network (NCCN), and the
American College of Chest Physicians (ACCP)). The
literature indicates that hospitalized cancer patients are
often inadequately anticoagulated, despite
recommendations for prophylaxis.

18

Summary of Guidelines for Venous Thromboembolism
(VTE) Prophylaxis for Hospitalized Cancer Patients (other
than for surgery)
Organization

Patients Who Should Receive Prophylaxis

National
Comprehensive
Cancer Network
2011

All adult pts with a diagnosis of cancer or suspicion
of cancer should receive anti coagulation
unless there is a contraindication. Mechanical
prophylaxis should be considered for all
hospitalized pts unless there is a contraindication.
When there is a contraindication to anticoagulation, pts should be placed on mechanical
prophylaxis.
VTE prophylaxis should be continued
throughout the hospital stay. It is
recommended that therapy be continued in
outpatients at higher risk. Other high risk factors
are advanced stage disease, bed rest ≥ 4
days, and age >60 yr

American
College of
Chest Physicians
2012

Cancer pts who are bedridden with an acute
illness should receive routine thromboprophylaxis similar to other high-risk pts.
Mechanical prophylaxis with optimal use
of GCSs or IPC is recommended if there is a
contraindication to anticoagulants.
Mechanical methods may possibly be added
as an adjunct to anticoagulants.

American
Society of
Clinical
Oncology
2013

All hospitalized pts with cancer should receive
prophylactic anticoagulation unless
contraindicated because of high risk of
bleeding or active bleeding. Mechanical
methods may be added to pharmacologic
methods but should only be used as
monotherapy when there is active bleeding.
Combined methods may improve efficacy,
especially in high-risk pts.
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Agents for VTE Prophylaxis in Hospitalized Patients with
Cancer
Drug

Dosage

Unfractionated
heparin sodium

5000 units
Administration every 8 hr more
s. c. every 8 hr effective than every 12 hr;
reversal of effect by protamine

Enoxaparin
sodium

40 mg s. c.
OD

Monitor patients for bleeding
with moderate (CLcr, 30–50 mL/
min) or mild (CLcr, 50–80 mL/
min) renal impairment.
For severe renal impairment
(CLcr, <30 mL/min), decrease
dosage to 30 mg daily; however,
ACCP recommends using
unfractionated heparin when
CLcr is < 30 mL/min.
Partially reversed by protamine

Dalteparin
sodium

5000 units
s. c. OD

Only LMWH with FDA approval
for this indication; partially
reversed by protamine

Tinzaparin
sodium

4500 units or
75 units/kg
s. c. OD

Manufacturer recommends
caution when CLcr is <30 mL/min
and avoidance in patients older
than 70 years with CLcr <30 or
older than 75 years with CLcr of
<60 mL/min; partially reversed
by protamine

Fondaparinux
sodium

2.5 mg s. c.
OD

Contraindicated with
CLcr<30 mL/min (use with
caution in CLcr 30–50 mL/min),
age >75 years, weight <50 kg.
Long half-life of 17–21 hr; no
agents for reversal of effect;
possible alternative for
prophylaxis in HIT (grade 2C
rating by ACCP)

20

Comments

Dosing in table is based on guidelines of the National
Comprehensive Cancer Network, American College of
Chest Physicians (ACCP), and American Society of Clinical
Oncology and the product labeling. CLcr = creatinine
clearance, LMWH = low-molecular-weight heparin, FDA =
Food and Drug Administration, HIT = heparin-induced
thrombocytopenia, GCS = Graduated Compression
Stocking, IPC = Intermittent Pneumatic Compression.
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2iii. Perioperative venous
thromboembolism prophylaxis in
patients with cancer

Introduction
Venous thromboembolism (VTE) is a preventable cause
of morbidity and mortality in surgical patients. Surgery for
cancer confers a nearly 7-fold higher risk of perioperative
PE when compared to similar surgical procedures for
benign disease. In a prospective observational study, the
incidence of clinically overt VTE in patients with cancer
after surgery was approximately 1% to 3% depending on
the type of surgery. Importantly, 40% of VTE events
occurred after >21 days post surgery, and 46% of the
deaths post surgery were due to VTE. VTE risk can be
considered as disease based risk and intervention based
risk. The intention of prevention is to minimise the risk of
VTE for a given cancer with minimal therapy related side
effects for adequate optimisation.
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Perioperative preventive strategies
I. Pharmacological measures- low molecular weight
heparin (LMWH), unfractionated heparin (UFH),
Fondaparinux
II. Mechanical preventive strategies- intermittent
pneumatic compression stockings and graduated
compression stockings.
Pharmacological measures
Low molecular weight heparin (LMWH)A double blind multicentre randomised controlled trial
(Enoxacan trial) suggested that enoxaparin prophylaxis 40
mg once a day started 2 hours prior to procedure and
continued 10 +/- 2 days postoperatively in comparison to
UFH 5000IU three times a day showed reduced overall
thromboembolic complications. Out of 631 patients who
were evaluated total VTE incidence was 16. 5% VTE
incidences were 18. 2%for Heparin arm and 14. 7% for
Enoxaparin arm without any excessive risk of bleeding
related events. There were no differences in 30 day
mortality or mortality at 3 months. Similarly a subgroup
analysis of cancer patients from a meta-analysis of clinical
trials showed that efficacy and safety of UFH and LMWH
were comparable for preventing VTE. In the same analysis
overall comparison of LMWH with placebo showed that
incidence of asymptomatic DVT or clinical pulmonary
embolism or VTE was lesser in LMWH group thereby
reduction in trend of overall mortality rate. The comparison
between LMWH and UFH showed results in favour of
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LMWH due to reduction in clinical VTE rates. The distinct
advantage of LMWH therapy is more predictable response
and inter-patient variation. It allows easier transition for
outpatient setting management due to long half life and
once daily dosing (Enoxaparin 4. 5-7 hours, Dalteparin 2-5
hours). The potential drawback is the non availability of
specific antidote as in comparison to UFH. Protamine
sulfate has partial effect on neutralising the effects of
LMWH. As the metabolism is by renal excretion, dose
needs to be adjusted to agent needs to be switched to
UFH in cases where creatinine clearance is less than 30
ml/min.
Unfractionated heparin (UFH)
A cochrane database review mentioned that, considering
the definition of HIT as 50% relative reduction in platelet
counts in postoperative period as compared to
postoperative peak, the risk of HIT is lower with LMWH
than UFH (low level evidence) suggesting usage in favour
of LMWH (25). Meta-analysis of 14 randomised controlled
trails comparing role of LMWH and UFH for
thromboprophylaxis after cancer surgery showed no
difference in mortality or clinically suspected deep venous
thrombosis. The rates of minor or major bleeding and
pulmonary embolism were comparable. There is a major
role of UFH in cases of impaired renal functions due to the
hepatic clearance. Overall half life is shorter (1-2 hours)
due to which three times dosage is mandatory.
Reversibility with protamine sulfate is another distinct
advantage as compared to LMWH in case indicated.
Heparin induced thrombocytopenia (HIT) is another
potential pitfall of UFH therapy.
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Fondaparinux
Advantages are higher bioavailability with longer half life
(17-21 hours). In a study comparing LMWH, UFH and
Fondaparinux in patients of gynaecological malignancy in
perioperative period, efficacy of all the three agents was
comparable.
Mechanical devices and early ambulation
Intermittent pneumatic compression stockings, graduated
compression stockings are recommended in addition to
pharmacological prophylaxis especially in high risk group.
The mechanical preventive strategies should be used in
addition to chemoprophylaxis except in patients in whom
pharmacological prophylaxis is contraindicated . Early
ambulation is desirable to minimise the risk of VTE in
patients in perioperative period.
Duration of prophylaxis
Nearly 40% of VTE episodes occur after 21 days post
operatively with overall 46% risk of death which can be
attributed to VTE. Extended prophylaxis beyond first week
post surgery reduces overall risk of VTE than short term
use. Open label trial comparing Enoxaparin use for one
week followed by placebo post surgery versus extended
use of Enoxaparin till 19-21 days which included 501
patients showed that the risk of VTE in Enoxaparin arm
was significantly lesser than placebo arm (4. 8% versus
12%). Another prospective open label trial compared
effects of 7 day use of Dalteparin 5000 IU versus longer
use for 28 days total. Incidence of VTE was significantly
lower in long term prophylaxis arm than short term
prophylaxis. Major bleeding related events were
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comparable in both arms (Rasmussen MS et al 2006).
However similar distinct advantage was not seen in
patients of cancer undergoing major abdominal or pelvic
surgery for whom Bemiparin 3500IU was used for 1 week
or 4 weeks post surgery.
Pharmacologic thromboprophylaxis for patients
undergoing major surgery for cancer should be continued
for at least 7 to 10 days. Extended prophylaxis with LMWH
for up to 4 weeks postoperatively should be considered
for patients undergoing major abdominal or pelvic surgery
for cancer who have high-risk features.
Table 1 - VTE prophylaxis recommendations
Venous Thromboembolism Prophylaxis and Treatment in Patients
With Cancer : ASCO Clinical Practice Guideline Update J ClinOncol
2013
Recommendation

Strength of
Evidence Type and
Strength of
Recommendation

1

All patients with malignant disease
undergoing major surgical
intervention should be considered for
pharmacologic thromboprophylaxis
with either UFH or LMWH unless
contraindicated because of active
bleeding or high bleeding risk.

Evidence – strong
Recommendation
type, strength:
evidence-based,
strong

2

Prophylaxis should be commenced
preoperatively

Evidence –
moderate
Recommendation
type, strength:
evidence-based,
moderate
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3.

Mechanical methods may be added
to pharmacologic thromboprophylaxis
but should not be used as
monotherapy for VTE prevention
unless pharmacologic methods are
contraindicated because of active
bleeding or high bleeding risk.

Evidence –
moderate
Recommendation
type, strength:
evidence-based,
strong

4

A combined regimen of
pharmacologic and mechanical
prophylaxis may improve efficacy,
especially in the highest risk
patients.

Evidence –
moderate
Recommendation
type, strength:
Informal
consensus,
moderate

5

Pharmacologic thromboprophylaxis
for patients undergoing major
surgery for cancer should be
continued for at least 7 to 10 days.
Extended prophylaxis with LMWH
for up to 4 weeks postoperatively
should be considered for patients
undergoing major abdominal or
pelvic surgery for cancer who have
high-risk features such as restricted
mobility, obesity, history of VTE, or
with additional risk factors.
In lower-risk surgical settings,
the decision on appropriate duration
of thromboprophylaxis should be
made on a case-by-case basis
considering the individual patient.

Evidence – strong
Recommendation
type, strength:
evidence based,
strong to
moderate
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Neurosurgical prophylaxis
Anithrombotic therapy and prevention thrombosis, 9th Ed
ACCP GUIDELINES
For craniotomy patients at very high risk for VTE - (eg,
those undergoing craniotomy for malignant disease)pharmacologic prophylaxis to be added to mechanical
prophylaxis once adequate hemostasis is established
and the risk of bleeding decreases, is suggested (Grade
2C) .
For patients undergoing spinal surgery at high risk for
VTE - (including those with malignant
disease or those undergoing surgery with a combined
anterior-posterior approach), pharmacologic
prophylaxis to be added to mechanical prophylaxis
once adequate hemostasis is established and the risk
of bleeding decreases, is suggested (Grade 2C) .
Table 2 - Dosing Regimens for Prophylaxis
(ASCO Clinical Practice Guideline Update J ClinOncol 2013)
Unfractionated heparin - 5, 000 U SC 2-4 hours preoperatively
followed by every 8 hours
Dalteparin – 2, 500 U SC 2-4 hours preoperatively followed by 5,
000 U once daily or 5, 000 U 10-12 hours preoperatively
followed by 5, 000 U once daily
Enoxaparin – 20 mg SC 2-4 hours preoperatively followed by 40
mg once daily or 40 mg 10-12 hours preoperatively followed by
40 mg once daily
Fondaparinux- 2.5 mg qd SC starting from 6-8 hours
postoperatively
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Timing of neuraxial anesthesia during antithrombotic
prophylaxis
Anticoagulant

Interval from last
dose to placement/
removal

Interval from
placement/removal
to next dose

SC low dose
UFH (5000 IU
twice or
thrice daily)

4 to 6 hours or verify
normal aPTT

1 hour

Prophylactic
(SC)
Enoxaparin
Dalteparin
Tinzaparin

≥12 hours

First postoperative
dose >12 hours after
neuraxial procedure;
subsequent dose
≥24 hours after the
first dose

Contraindications to pharmacological prophylaxis
Current active major bleeding (requirement of at least
two units of blood or blood products in 24 hours)
- Current chronic or clinically significant measurable
bleeding over 48 hours
- Recent central nervous system bleeding
- Intracranial or spinal lesion which stand as a high
risk for bleeding
- Thrombocytopenia (platelets <50, 000/microL) or
severe platelet dysfunction or Anticipated thrombocytopenia
- Heparin-induced thrombocytopenia (HIT)
- Recent major surgical procedure at high risk for
bleeding
- Underlying coagulopathy and coagulation factor
abnormalities
29

Underuse of prophylaxis for cancer patients
Though a problem statement, the prophylactic measures
for patients of cancer are lower than expected . Potential
reasons for the same could be risk of bleeding related
complications (perceived by practitioners though
disproved in guidelines) due to the use of
chemoprophylactic agents and underestimation of the risk
of VTE in this group of patients. Bridging the gap between
the availability of evidence based medicine versus
implementation of protocols as per the guidelines stands
as the key for increasing the usage of chemoprophylaxis.
Regarding the cost effectiveness there are no good studies
available, however the cost of managing VTE and
associated morbidity which would be avoided or
minimised by thromboprophylaxis, makes it cost effective
especially in high risk group .

Conclusion
To summarise, the problem of perioperative venous
thromboembolism is a major concern in terms of morbidity
and mortality as well as the cost. The risk benefit ratio of
VTE prophylaxis needs to be weighed against risk of
perioperative bleeding. Unless contraindicated, the
chemoprophylaxis should be started preoperatively and
should be continued at least for 7-10 days postoperatively.
The prophylaxis should be continued till 4 weeks post
operatively in cases of major abdominal or pelvic surgery
especially the candidates with high risk of VTE in the form
of obesity, residual malignancy, non ambulatory patients,
previous history of VTE. LMWH should be the primary
choice unless contraindicated in cases with renal
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impairment where unfractionated heparin can be the
agent of choice. Along with the chemoprophylaxis,
mechanical preventive strategies should be implemented
intraoperatively and postoperatively including the
emphasis of early ambulation in postoperative setting. The
commitment from both physician and patient side is
important for preventing this potentially preventable but
devastating complication of VTE.
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3i. Diagnosis of VTE in Cancer

Deep venous thrombosis (DVT) and pulmonary embolism
(PE) are two manifestations of venous thromboembolism
(VTE) . VTE cannot be diagnosed based on signs and
symptoms alone. Prompt and accurate diagnosis is crucial
to provide appropriate treatment and avoid thrombus
extension or embolization, disease-related morbidity, and
mortality. In view risks associated with untreated lower
extremity DVT and the risk of bleeding due to
anticoagulation, accurate diagnosis of DVT is essential.
Clinical signs and symptoms of DVT include unilateral leg
pain, redness, swelling, edema, warmth, and tenderness.
Pulmonary embolism may present with dyspnea, chest
pain, hemoptysis, syncope, tachycardia, and hypotension.
The clinical presentation of VTE is often not specific, and
DVT can be indistinguishable from cellulitis, hematoma,
superficial thrombophlebitis, and congestive heart failure.
Pulmonary embolism presents similarly to myocardial
infarction, congestive heart failure, and other diseases.
Consequently, imaging is needed to confirm the diagnosis
of VTE.
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DVT diagnosis
The traditional diagnostic algorithm for DVT includes
clinical probability assessment (Wells score, table 1), D
Dimer test and venous compression ultrasound.

1. Clinical probability assessment
There are several pretest assessment scoring systems
available, of these the Wells score (table 1) is the best
studied . Wells scoring system has been devised, and
prospectively validated in a large series, whereby patients
are classified as having a high, intermediate, or low
probability of developing deep vein thrombosis, based on
history and clinical signs.
Wells scoring system for DVT: -2 to 0: low probability, 1 to
2 points: Moderate probability, 3 to 8 points: high
probability . The probability of DVT is less than 5%(95%
CI, 4%-8%) in patients with low score, upto 17%(95%CI,
13%-23%) in patients with moderate probability and upto
53%(95% CI, 44%-61%), in patients with high probability
score .
The Wells model has been used in diagnostic algorithms
to reduce the number of diagnostic tests required on
patients with suspected deep vein thrombosis. This scoring
system is less useful in a primary care or inpatient setting,
in older patients, patients with prior DVT, or comorbidities.
The Wells model has been modified to take one additional
clinical feature into account: a previously documented
deep vein thrombosis (DVT) which is given the score of
1.Using this modified Wells scoring system, DVT is either
likely (score 2 or more, prevalence of DVT, 28%; 95% CI,
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Table 1 -Wells score for the prediction of deep vein thrombosis
Clinical characteristic

Score

1

Active cancer (patient either receiving treatment
for cancer within the previous 6 months or
currently receiving palliative treatment

1

2

Paralysis, paresis, or recent cast immobilization
of the lower extremities

1

3

Recently bedridden for >3 days, or major surgery
within the previous 12 weeks requiring general or
regional anesthesia

1

4

Localized tenderness along the distribution of the
deep venous system

1

5

Entire leg swelling

1

6

Calf swelling at least 3 cm larger than that on the
asymptomatic side
(measured 10 cm below tibial tuberosity)

1

7

Pitting edema confined to the symptomatic leg

1

8

Previously documented deep vein thrombosis

1

9

Alternative diagnosis at least as likely or more than
deep vein thrombosis

-2

24%-32%) or unlikely (score 1 or less prevalence of DVT,
6%; 95% CI, 4%-8%) to have DVT.

2. D Dimer –
D-dimer, a degradation product of cross-linked fibrin, is
typically elevated in patients with acute DVT. D-dimer
levels may also be increased in a variety of non thrombotic
disorders (eg, malignancy, disseminated intravascular
35

coagulation, increasing age, infection, pregnancy, following
surgery or trauma, inflammatory conditions, atrial
fibrillation, and stroke). D-dimer is a sensitive but
nonspecific marker for VTE. Consequently, although a
positive result is not useful in confirming the diagnosis of
DVT, a negative result can aid in the exclusion of this
diagnosis.
ELISAs and enzyme-linked immunofluorescence assays,
along with the latex immune turbidimetric assays, are
generally termed “highly sensitive, ” whereas the whole
blood D-dimer assay is considered moderately sensitive.

3. Imaging–
Patients with cancer are at high risk for VTE. Because of
the poor specificity of the clinical scores and the D-dimer
test, initial D-dimer testing is of limited usefulness, and
cancer patient with suspected DVT must undergo
ultrasonography and imaging studies.
Venous duplex ultrasound
Ascending contrast phlebography was the traditional gold
standard to DVT diagnosis . However it is uncomfortable,
invasive and carries risk of contrast allergy and
nephropathy . Venous compression ultrasound which was
introduced in 1980s and has now replaced invasive studies.
Venous duplex ultrasound is the most widely used test due
to the combination of accuracy, noninvasiveness, short
examination time, portability of newer equipment, and
lower cost. It is used in most of Indian studies. It is highly
sensitive (95%) and specific (96%) for symptomatic
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proximal vein thrombosis. Duplex scan includes B-mode
or gray-scale imaging with transducer compression
maneuvers and Doppler evaluation consisting of color-flow
Doppler imaging and spectral Doppler waveform analysis.
Primary diagnostic ultrasound criteria for acute DVT
remains non-compressibility of the vein with secondary
diagnostic criteria being echogenic thrombus within the
vein lumen, venous distention, complete absence of
spectral or color Doppler signal within the vein lumen, loss
of flow phasicity, and loss of response to valsalva or
augmentation.
The lower-extremity deep venous segments that can
routinely be examined by duplex ultrasound include the
very distal external iliac, common femoral, superficial
femoral, popliteal, and calf veins. The internal jugular,
subclavian, axillary, and brachial veins can be routinely
visualized in the neck and arms. The medial two-thirds of
the subclavian veins may not be easily compressible due
to their anatomic location behind the clavicles.
Lack of documentation of acute DVT in an asymptomatic
limb could have a negative impact on patient management
by leading to a false diagnosis of recurrent venous
thromboembolism and treatment failure in future duplex
ultrasound examinations. Thus, a cancer patient should
always undergo bilateral duplex ultrasound for suspected
lower-extremity DVT, even if the symptoms are unilateral
Limitations-An important limitation of duplex ultrasound
is the inability to adequately perform compression
maneuvers in the veins above the inguinal ligament (IVC,
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common iliac, and proximal external iliac veins) and the
central veins in the upper chest (SVC and brachiocephalic
veins). Even if these segments are visualized, duplex
ultrasound has not been validated as a tool for the
detection or exclusion of DVT in these locations.
CT scan/ MRI
1. In patients with high clinical suspicion of DVT, and
unrevealing duplex ultrasound. In this clinical
scenario, it is appropriate to pursue CT scan
venography, MR venography, or MR direct thrombus
imaging to confirm or rule out more proximal DVT
and venous compression by tumor.
2. In patients with suspected first lower extremity DVT
in whom US is impractical (eg, when leg casting or
excessive subcutaneous tissue or fluid prevent
adequate assessment of compressibility) or
nondiagnostic, CT scan venography, MR venography,
or MR direct thrombus imaging could be used as an
alternative to venography.
3. The accuracy and utility of duplex ultrasound
(compression method) in the setting of suspected
recurrent DVT is unclear. The ability to distinguish
acute from remote (chronic) DVT is hampered by the
fact that 50% of patients with prior lower-extremity
DVT have some degree of residual vein obstruction.
Old, organized thrombi may appear hyperechoic and
heterogeneous sonographically, but this may not help
to differentiate acute from remote DVT. Unless the
new DVT is found in a previously normal venous
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segment, compression duplex ultrasound may be
unreliable.
If initial US is negative for thrombosis despite a high clinical
suspicion of DVT further testing with a moderate or highly
sensitive D-dimer, serial US, or venography based imaging
(traditional CT scan or MRI) should be done .
Upper limb DVT
In patients suspected of having upper extremity DVT initial
evaluation with combined-modality US (compression with
either Doppler or color Doppler) is done. If initial US is
negative for thrombosis despite a high clinical suspicion
of DVT further testing with a moderate or highly sensitive
D-dimer, serial US, or venography based imaging
(traditional CT scan or MRI) should be done .
In addition to imaging all patients with suspected VTE
should undergo the following tests:
Comprehensive medical history and physical examination
CBC with platelet count
prothrombin time
activated partial thromboplastin time
serum creatinine
Patients with cancer are at high risk for VTE. Because
of the poor specificity of the clinical scores and the Ddimer test, initial D-dimer testing is of limited
usefulness, and cancer patient with suspected DVT
must undergo ultrasonography and / or other imaging
studies.
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Diagnosis of PE is discussed in chapter on management of
PE (chapt 3iii)
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3ii. Management of Venous
Thromboembolism in Cancer

Venous thromboembolism (VTE), comprising deep vein
thrombosis (DVT) and pulmonary embolism (PE), is a
common and potentially fatal disease. The benefits of
anticoagulation, including prevention of clot extension, PE,
recurrent VTE, hemodynamic collapse, and death, should
be carefully weighed against the risk of bleeding to
determine the choice of anticoagulant and the duration
of therapy.
The current standard of care for management of cancerassociated VTE as recommended by numerous guidelines
and professional societies is low molecular weight heparin
(LMWH) . The body of evidence on which this
recommendation is based is formed primarily by five major
randomized, controlled, open-label ,multicenter trials (
CANTHANOX, CLOT, ONCENOX, LITE, CATCH) that each
compared a LMWH agent to vitamin K antagonists (VKAs)
in the initial management of cancer-associated VTE.LMWH
are preferred over VKA in patients with cancer for the
following reasons: there is moderate-quality evidence that
LMWH was more effective than VKA in patients with
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cancer; there is a substantial rate of recurrent VTE in
patients with VTE and cancer who are treated with VKA; it
is often challenging to keep patients with cancer who are
on VKA in the therapeutic range; LMWH is reliable in
patients who have difficulty with oral therapy
(eg,vomiting); and LMWH is easier to withhold or adjust
than VKA if invasive interventions are required or
thrombocytopenia develops.
The Directly acting oral anticoagulants (DOACs) are
attractive options for patients with malignancy. DOACs
offer immediate onset of action and short half-lives,
properties similar to LMWH, but the oral route of
administration is a significant advantage. Given the higher
risks of recurrent VTE and bleeding, there has been
concern about the efficacy and safety of DOACs in this
patient population. Data are now emerging for the use of
DOACs in the cancer patient population from dedicated
clinical trials. Recently published data suggest that DOACs
hold promise for the treatment of cancer associated VTE
(SELECT D trial , Hokusai VTE cancer trial),.Data from other
additional ongoing trials are awaited .
There are 3 phases of VTE treatment:
i.
ii.

initial (first 5-10 days),
long-term (from end of acute treatment to 3-6
months),
iii. extended (beyond 3-6 months) periods.
Initiation of Anti-coagulation
Several factors should be considered in determining the
appropriate anticoagulant drug for an individual patient.
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Patient-related factors

Patient comorbidities

- Patient preference
- Weight
- Adherence to therapy

-

Renal insufficiency
Liver disease
H/o GI bleeding
H/o gastric bypass/resection or
small bowel/colon resection

Prior to the initiation of low-molecular-weight heparin
(LMWH)/VKA treatment, the following baseline
laboratory tests should be obtained:
•
•
•

CBC
serum creatinine
prothrombin time (PT) / activated partial
thromboplastin time (aPTT)

Prior to initiation of DOAC therapy, the following baseline
laboratory tests should be obtained:
•
•
•

Complete blood cell count (CBC) to ensure an
adequate platelet count
Serum creatinine with calculation of glomerular
filtration rate (GFR)
Assessment of liver function.

What Guidelines recommend?
ASCO - LMWH (dalteparin, enoxaparin, tinzaparin) is
2013
preferred for the initial 5 to 10 days in patients
who do not have severe renal impairment
(defined as creatinine clearance <30 mL/
min).Alternative agents are Fondaparinux,
unfractionated heparin (UFH).
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ESMO - Initial treatment with LMWH is safe and more
2011
effective than treatment with a VKA [I, A]
NCCN - LMWH (Enoxaparin , Dalteparin) are preferred
2018
in acute phase; alternative agents are
Fondaparinux or UFH
(ASCO- American Society of Clinical Oncolgoy,
ESMO - European Society for Medical Oncology
NCCN - National Comprehensive Cancer Network)

Long-term and Extended Treatment of VTE
(After Initial Treatment)
What guidelines recommend?
ACCP
(update
2016)

Suggest LMWH over VKA, dabigatran,
rivaroxaban, apixaban, edoxaban
In patients with DVT of the leg or PE and
active cancer and who (i) do not have a high
bleeding risk, recommend extended
anticoagulant therapy (no scheduled stop
date) over 3 months of therapy (Grade 1B),
or (ii) have a high bleeding risk, suggest
extended anticoagulant therapy (no
scheduled stop date) over 3 months of
therapy (Grade 2B).

ASCO
2013

LMWH (Dalteparin , enoxaparin, tinzaparin)
for at least 6 months is preferred because of
improved efficacy over VKAs. VKAs are an
acceptable alternative
-Long-term anticoagulation for at least
6 months is preferred (Evidence-strong,
Recommendation type and strength –
evidence based, strong)
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-Anticoagulation beyond the initial 6 months
may be considered for select patients with
active cancer, metastatic disease or those
receiving chemotherapy (Evidence-weak,
Recommendation type and strength –
informal consensus, weak to moderate)
ESMO
2011

LMWH (IA), VKA
-For cancer patients receiving chemotherapy
in the adjuvant setting, a long-term
treatment for 6 months should be adopted
(II, A).
-For cancer patients achieving a complete
remission of a potentially curative disease
(i.e. germinal cancer) a long term treatment
for 6 months may be considered(III, C).For
patients receiving chemotherapy in a
metastatic setting but with a neoadjuvant
approach (colorectal cancer patients with
potentially resectable liver metastases) the
risk of recurrent cancer and/or VTE should
be individually assessed (III, C).
-For cancer patients receiving chemotherapy
in a palliative setting, also for those achieving
a complete remission but with a very high
risk of recurrence, an indefinite treatment
should be discussed with the patient (III, C).
For breast cancer patients receiving
tamoxifen in the adjuvant setting it is
recommended to substitute tamoxifen with
an aromatase inhibitor. In these patients a
45

long-term treatment for 6 months should be
considered (II, B)
NCCN
2018

Preferred - Dalteparin (category1),
edoxaban (category 1), Enoxaparin(2A)
Alternative – Rivaroxaban(2A), Apixaban(2A),
VKA(2A), Fondaparinux(2A), Dabigatran(2A),
UFH(2B)
- DVT – 3months
- PE – 6months
- Active cancer - Indefinite anticoagulation

Thrombolysis
Catheter-directed thrombolysis as initial treatment of
acute DVT is currently recommended only for patients with
threatened limb loss. Thrombolysis plus anticoagulation
may reduce post-thrombotic syndrome by one-third in
proximal DVT. Results did not differ between thrombolytic
agents or route of administration (systemic vs loco-regional
vs catheter directed). (ref to chapter 12 Endovascular
management of venous thromboembolism)
Thrombolytic treatment of acute PE restores pulmonary
perfusion more rapidly than anticoagulation alone, leading
to a prompt reduction in pulmonary artery pressure and
resistance, with a concomitant improvement in RV
function. The haemodynamic benefits of thrombolysis are
confined to the first few days; in survivors, differences are no
longer apparent at one week after treatment. (ref to chapter
3iii Management of acute PE in patients with cancer)

Vena Cava Filters
Inferior vena cava filters may be used in patients with
proximal DVT or PE who have an absolute contraindication
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to anticoagulant therapy but are not recommended in
those who can receive anticoagulation. (ref to chapter 12
Endovascular management of venous thromboembolism)

Compression Stockings
The use of graduated compression stockings after acute
proximal DVT does not reduce the incidence of postthrombotic syndrome. Accordingly, compression stockings
are recommended only as symptomatic treatment in
patients with acute or chronic symptoms, such as swelling
and discomfort.
ACCP
2016

- Recommends against the use of
compression stockings routinely to prevent
the post thrombotic syndrome (Grade 2B) in
acute DVT

ASCO
2013

-Should not be used as monotherapy for VTE
prevention unless pharmacologic methods
are contraindicated because of active
bleeding or high bleeding risk
-Combined regimen of pharmacologic and
mechanical prophylaxis may improve efficacy
especially in the highest risk patients

ESMO
2011

-May be added to pharmacological
prophylaxis but should not be used as
monotherapy unless pharmacological
prophylaxis is contraindicated because of
active bleeding [I, A].

NCCN

-Absolutely contraindicated in Acute DVT

(ACCP - American College of Chest Physician)
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Drugs used for the treatment of VTE in cancer
Drug

Treatment Dose

Unfractionated Continuous IV:
heparin
80 U/kg bolus
followed by
infusion at
18 U/kg/h;
infusion rate
adjusted to
maintain aPTT
1.5–2 baseline
SC: 333 U/kg
followed by
250 U/kg BID

Dose adjustment
for renal function

None
recommended

Low Molecular Weight Heparins (LMWH)
Enoxaparin

1 mg/kg SC BID or Avoid in CrCl
1.5 mg/kg SC
< 30 mL/min
once daily

Dalteparin

Month 1:
200 IU/kg SC
once daily
Month 2 onward:
150 IU/kg SC once
daily Total daily
dose not to
exceed 18,000 IU
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For CrCl< 30 mL/
min, adjust dose
to maintain
anti-Xa level
0.5–1.5 IU/mL

Drug

Treatment Dose

Dose adjustment
for renal function

Tinzaparin

175 IU/kg SC
once daily

Use with caution
for CrCl< 30 mL/
min; avoid in
patients 90 years
or older with
CrCl< 60 mL/min
Use with caution

Fondaparinux

Weight <50 kg:
5 mg SC once daily
Weight 50–100 kg:
7.5 mg SC
once daily
Weight >100 kg:
10 mg SC once
daily

Use with caution
for CrCl
30-50 mL/min,
avoid if
CrCl<30 mL/min

Oral Drugs
Vitamin
Antagonists

Initiation of
None
warfarin at a dose recommended
of 4–5 mg daily is
recommended,
with smaller doses
indicated for the
elderly or
debilitated patient.
Loading doses are
not recommended.
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Drug

Treatment Dose

Dose adjustment
for renal function

Initiate warfarin on
day 1 or 2 of
parenteral
anticoagulation
therapy.
Overlap warfarin
and parenteral
anticoagulant for
at least 5 days
until desired
INR (>2.0)
maintained for
24 hours, then
discontinue
parenteral therapy
Dose titration to
therapeutic INR
between 2 and 3
Directly acting Oral Anticoagulants (DOACs)
Dabigatran

150 mg PO BID
Avoid if
after 5–10 days of CrCl<30 mL/min
parenteral
Anticoagulation

Rivaroxaban

First 3 wk: 15 mg
PO BID
After 3 wk: 20 mg
PO once daily
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Avoid if
CrCl<30 mL/min

Drug

Treatment Dose

Dose adjustment
for renal function

Apixaban

First week:
10 mg PO BID
After first week:
5 mg PO BID
After at least
6 months:
2.5 mg PO BID

Avoid if
CrCl<25ml/min

Edoxaban

60 mg PO once
30 mg PO OD For
daily after 5–10
CrCl<30–50 mL/
days of parenteral min;
anticoagulation
.30 mg OD for
weight < 60 kg

Follow up imaging
Follow-up of patients with known venous thrombosis near
the end of anticoagulation to determine if residual venous
thrombosis is present.(American college of radiology,
Ultrasound Practice Guideline 2010)
Superficial vein Thrombosis
In patients with superficial vein thrombosis which is
progressive or proximal to deep veins (approximately 3 cm),
anticoagulation with therapeutic dose LMWH for 6 weeks
is suggested (NCCN 2018).
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Incidental VTE
Incidental findings of PE and/or DVT during routine staging
with computed tomography scans of abdomen and pelvis
as well as splanchnic or visceral vein thrombi are frequently
reported. The use of high-resolution, multi-detector CT
images in the staging, response assessment, and followup of cancer patients has led to an increase in the incidental
reports of cancer-associated thrombosis. In a retrospective
cohort analysis by Moore et al, 44% of all thromboembolic
events were incidental. In a cohort study by Singh,50% of
DVTs and 35% of PEs were incidentally discovered .The
rates of VTE recurrence, bleeding, and mortality seem to
be similar in patients with cancer and incidental VTE
compared with those with symptomatic VTE. The literature
on the management of incidental cancer-associated
thrombosis is scarce.
ASCO-2013 Consensus recommendation- incidental PE
and DVT should be treated in the same manner as
symptomatic VTE. Treatment of splanchnic or visceral
vein thrombi diagnosed incidentally should be
considered on a case-by-case basis, considering potential
benefits and risks of anticoagulation
Evidence: insufficient Recommendation type, strength:
informal consensus, moderate
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Clinical challenges in patients with cancer-associated
thrombosis: Incidental VTE
Canadian expert consensus recommendations 2015
1.

2.

3.

4.

In cancer patients with objectively confirmed
incidental (asymptomatic) PE detected on
computed tomography or magnetic resonance
imaging performed for other reasons -suggest
management with anticoagulation therapy as for
symptomatic PE for most patients. Level of
evidence: iib; Level of agreement: 86%
In cancer patients with incidental (asymptomatic)
proximal limb DVT detected on CT or MRI for other
reasons, we suggest confirmatory imaging and
treatment as for symptomatic dvt. Level of
evidence: iib; Level of agreement: 86%
If considering no anticoagulation therapy in cancer
patients with incidental (asymptomatic) PE in an
isolated single sub segmental pulmonary artery,
recommend imaging (which could include CT
pulmonary angiography, or ultrasonography of
pelvis and serial bilateral proximal lower limb deep
veins, or both). Level of evidence: iib; Level of
agreement: 38%
Expert consensus strongly recommends that an
individualized approach is appropriate for patients
with incidental (asymptomatic) abdominal vein or
splanchnic vein VTE . The decision to initiate
anticoagulation therapy should consider risk of
bleeding, chronicity of thrombus (non occlusive
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thrombus, cavernous transformation, presence of
collaterals, etc.),risk of thrombosis-related
complications (for example, bowel ischemia, Budd–
Chiari syndrome), primary tumour site (for
example, pancreatic versus renal cell
carcinoma),comparisons to previous and serial
diagnostic imaging and patient preference.
Contraindications to anticoagulation
Absolute Contraindications:
Cerebral hemorrhage, hemorrhage in the eye or
vital organs or a drop in hemoglobin of 2 grams/dL
in 24 hours
Neurosurgery, ocular surgery or intracranial
bleeding within past 10 days
Platelets less than 25000/μl, consult to benign
hematology
Relative Contraindications:
-
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Brain metastases conferring risk of bleeding (renal,
choriocarcinoma, melanoma, thyroid cancer)
Spinal procedure and/or epidural placement
Major trauma or head trauma
Major abdominal surgery within 48 hours
Severe hypertension (systolic blood pressure
greater than 200 mmHg, diastolic blood pressure
greater than 120 mmHg)
Endocarditis/pericarditis

-

-

GI, GU bleeding within past 14 days
Preexisting coagulopathy
Platelets less than 50000/μl,
Hypersensitivity to heparin, low molecular weight
heparin (LMWH) or heparin induced
thrombocytopenia
Patient on active protocol that prohibits use of
anticoagulation
Bleeding diathesis
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3iii. Management of acute PE in
patients with cancer

Introduction
Pulmonary embolism (PE) is associated with high mortality.
The International Cooperative PulmonaryEmbolism
Registry (ICOPER) looking at 2454 consecutive acute PE
patients in 7 countries found overall crude mortality rate
of 17·4% at 3 months In this database mortality for patients
with massive PE was 58. 3% as against 15. 1% for patients
with submassive PE. In this study 33 % patients were on
DVT prophylaxis at the time of detection of PE.

PathophysiologyAcute PE interferes with both circulation and gas exchange.
Hemodynamic instability and death is mainly due to
increased right ventricular (RV) afterload and associated
RV failure. Since right ventricle ejects into highly compliant
low pressure pulmonary circulation, it is a low pressure
chamber and unlike left ventricle it is not very muscular
structure. Due to these properties RV cannot generate high
pressures to overcome increased afterload and as a result
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it dilates. When faced with sudden rise in afterload as
occurs in major PE, thin walled RV can generate maximal
pressure of 40mm Hg.
For pulmonary artery (PA) pressures to rise significantly
the thrombus has to be big enough to occlude 30-50% of
PA cross sectional area. Other than mechanical
obstruction, vasoconstriction induced by chemical
mediators like thromboxaneA2 and serotonin, released by
sequestered platelets, leukocytes and endothelial cells also
increase pulmonary resistance.
PE also leads to significant ventilation perfusion mismatch
which is related to size, site and characteristic of emboli.
These patients frequently do have hypoxia for various
reasons like increased dead space, right to left shunt, and
low mixed venous oxygenation due to low cardiac output.
Hypoxia further aggravates pulmonary vasoconstriction
and increase RV afterload.
The increased RV wall stress and volume together lead to
increase in wall tension and increased oxygen demand.
With decrease in RV output, LV preload decreases due to
serial dependency of RV and LV. Also as both ventricle share
common interventricular septum, increase in RV volume
leads to shift of interventricular septum on left side, thus
decreasing diastolic compliance of LV further decreasing
LV preload. Decreased LV preload results in decrease in
cardiac output and systemic hypotension. Decreased
systemic arterial pressure leads to decreased coronary
perfusion. Increased oxygen demand and decreased supply
lead to RV ischaemia and precipitate RV failure.
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Clinical presentation- clinical signs and symptoms of PE
are most nonspecific. Presentation ranges from completely
asymptomatic patient where PE may be an incidental
finding to a patient presenting with severe shock or cardiac
arrest. Chest pain is relatively frequent finding in patients
with PE which is due to pulmonary infarction. Dyspnea
especially intermittent dyspnea is a common presenting
feature. Patients may complain of typical anginal pain due
to RV ischemia in patients with massive central PE. In
arterial blood gas (ABG) analysis hypoxemia and
hypocapnea are relatively common, extent of which
depend on size of PE.
Commonest electrocardiographic(ECG) abnormality is
sinus tachycardia, present in 40% of patient. In more severe
cases ECG will reveal T wave inversion in anteroseptal leads
(V1-V4) and S1Q3T3 pattern and incomplete or complete
right bundle-branch block suggestive of RV strain.
Clinical probability assessment- Various scoring systems
have been developed to help clinicians to estimate pretest
probability to differentiate between patients in whom PE
can be safely ruled out from those in whom further
investigations would be warranted. Of these the most
frequently used is Wells score and Geneva score. More
recently, both the Wells and the revised Geneva rule
weresimplified in an attempt to increase their use into
clinical practice. Both these scoring systems are validated
in their original as well as simplified versions.
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Wells criteriaClinical Factors

Points in
original system

Points in
simplified system

Previous PE or DVT

1.5

1

Heart rate ≥100 b. p. m 1.5

1

Surgery or
1.5
immobilization within
the past four weeks

1

Haemoptysis

1

1

Active cancer

1

1

Clinical signs of DVT

3

1

Alternative diagnosis
less likely than PE

3

1

Total score

< 2 – low
0-1 PE unlikely
probability of PE >1 PE likely
2-6 – moderate
probability of PE
>6 – high
probability of PE
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Geneva score Clinical Factors

Original

Revised

Simplified

Age 60–79 years

1

Age ≥65 - 1

1

Age > 80+ years

2

Previous DVT or PE 2

3

1

Recent surgery
within 4 weeks

3

2

1

Heart rate(HR)
>100 /min

1

HR 75–94 /
minute- 3

1

HR ≥95 /
minute- 5

+1

PaCO2 <35 mm Hg 2

-

-

PaCO2 35–39 mm H 1

-

-

PaO2 < 49 mm Hg

4

-

-

PaO2 49-59 mm Hg 3

-

-

PaO2 60-71 mm Hg 2

-

-

PaO2 72-82 mm Hg 1

-

-

Chest X ray- band
atelectasis

1

-

-

Chest X rayelevation of
hemidiaphragm

1

-

-

Active malignant
condition

2

1

Unilateral lower
limb pain

3

1
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Clinical Factors

Revised

Simplified

Haemoptysis

2

1

Pain on deep
palpation of lower
limb

4

1

0–3 - low
probability.
4–10 intermediate
probability.
≥11 - high
probability

≤ 2 - unlikely
to have a
current PE.
HR 75–94
bpm receive
1 point,
while HR
> 94 bpm
receive a
further point
(2 points in
total).

Total Score

Original

<5 - low
probability
of PE
5–8 moderate
probability
of PE.
>8 - high
probability
of PE

Prognostication scores-Similar to clinical probability scores,
there are various prediction scores based on clinical picture
used to prognostic patients with acute PE. Of these
Pulmonary embolism severity index (PESI) scoring system
is most validated score and is found to be very reliable in
low risk patients. Owing to the complexity of the original
PESI, which includes 11 differently weighted variables, a
simplified version known as sPESI has been developed and
validated.
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Parameter

Points
(original
PESI)

Points
(simplified
PESI)

Age

Age in
years

1 point for
age > 80
years

Altered mental status

60

-

Cancer

30

1

Systolic BP<100mm Hg

30

1

Pulse rate >100/min

20

1

Respiratory rate >30 /min

20

-

Temperature < 360 C

20

-

Arterial oxygen saturation<90

20

1

Male gender

10

-

Chronic heart failure

10

1

Chronic pulmonary disease

10

PESI class

Score

Score

Class I (very low 30 day mortality risk:
0- 1.6%)

≤ 65

0 points –
30 day
mortality
risk 1%

Class II (low mortality risk: 1.7- 3. 5%)

65- 85

Class III (moderate mortality risk:
3. 2-7. 1%)
Class IV (high mortality risk: 4-11.4%)
Class V (very high mortality risk:
10-24. 5%)

≥ 1 point 30 day
106 - 125 mortality
>125
risk 10.9%
86- 105
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DiagnosisD-Dimer- D-Dimer is a fibrin degradation product and not
normally present in plasma. Presence of D Dimer suggest
thrombosis or disseminated intravascular coagulopathy.
However fibrin is also produced in a wide variety of
conditions such as cancer, inflammation, bleeding, trauma,
surgery and necrosis. Hence D Dimers have poor positive
predictive value but high negative predictive value. Thus
normal D Dimers rule out PE.
Computed Tomographic (CT) pulmonary angiography- CT
angiography allows adequate visualization of the
pulmonary arteries down to at least the segmental level
and hence is diagnostic modality of choice in patients with
suspected PE with 96% specificity and 83% sensitivity
Ventilation Perfusion (V/Q) scan- This test consists of
intravenous injection of technetium99m-labelled
macroaggregated albumin particles, that allow
scintigraphic assessment of lung perfusion. This scan is
combined with ventilation study using either xenon-133
gas or technetium99m aerosols to look for mismatch
between ventilation and perfusion. As this modality does
not require contrast or exposure to radiation, it is preferred
in patients who are pregnant, in patients with history of
contrast induced anaphylaxis and strong allergic history,
in severe renal failure, and in patients with myeloma and
paraproteinaemia. Based on results patients are classified
as normal scan (no PE), high probability scan and nondiagnostic scan.
Pulmonary angiography- In the past this was considered
as gold standard for diagnosis of PE. However with routine
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use of CT pulmonary angiography, this test is now mainly
restricted to patients undergoing catheter directed
treatment of PE.
Echocardiography- Large acute PE leads to RV dysfunction
which can be diagnosed by ECHO. However studies have
shown consistently high specificity(83%; 95% CI, 74%-90%)
and low sensitivity (53%; 95% CI, 45%-61%) for
echocardiography in the diagnosis of PE. Signs suggestive
of disturbed right ventricular ejection pattern and
McConnell sign (preserved RV apical contractility with
depressed RV free wall contractility) have high specificity
for diagnosing PE In suspected high risk PE absence of
ECHO signs of RV overload or dysfunction rules out PE.
Compression venous ultrasound- Since in majority of
patients source of PE is lower limb Deep Venous
Thrombosis (DVT), compression ultrasound limited to four
point examination (2 groins and 2 popliteal fossae) is a
very useful diagnostic modality. Finding a proximal DVT in
patients suspected of having PE is considered sufficient to
warrant anticoagulant treatment without further testing.

Treatment of Massive PEInitial Rescuscitation- acute RV failure and associated low
cardiac output is the main cause of mortality. Massive fluid
rescuscitation may aggravate the situation by increasing
RV dilation and further compromising LV filling. However
careful titrated small fluid boluses may be tried.
Vasopressors are mainstay of treatment of
hemodynamically unstable PE and used as a bridging
therapy till reopening of blocked pulmonary circulation is
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achieved either mechanically or pharmacologically.
Noradrenaline is preferred drug of choice. It increases
systemic blood pressure by vasoconstriction of peripheral
vasculature and thus increase coronary perfusion. It also
improves right ventricular function by positive inotropic
action. Alternatively one may also consider using
adrenaline. Dobutamine should not be used for
hypotensive patients as it may further drop systemic blood
pressure due to its vasodilatory properties and
compromise coronary perfusion. It may be tried in patients
who are normotensive but have low cardiac output. Since
increased right ventricular afterload and associated RV
failure is the main cause of death, direct pulmonary
vasodilators like inhaled nitric oxide may play a major role.
Levosimendan, a new inodilator that improves cardiac
contractility by sensitizing troponin C to calcium is shown
to reduce RV afterload and improve RV performance in
animal models of acute PE.
Extracorporal life support (ECLS) can be used in select cases
along with catheter based mechanical thrombectomy in
massive PE.
Respiratory support- hypoxia and hypocapnea are
frequent findings in patients with PE. Most of the times
hypoxia can be managed with supplemental oxygen. In the
presence of severe shock mechanical ventilation is
required. Care should be taken to use minimum PEEP and
low plateau pressures to minimize effects of positive
pressure on venous return.
Anticoagulation-Anticoagulation therapy is the mainstay
of primary treatment for most patients with acute PE.
Purpose of anticoagulation is to try and prevent
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propagation of clot and further embolization. In patients
with high and intermediate probability of PE based on
clinical probability, therapeutic anticoagulation should be
initiated while waiting for definite diagnostic confirmation.
Immediate therapeutic anticoagulation can be achieved
using either intravenous unfractionated heparin (UFH) or
subcutaneous low molecular weight heparin (LMWH) or
subcutaneous fondaparinux. For most clinicians UFH is the
drug of choice as it has short half-life, its easy to monitor
its anticoagulant effects, and can be rapidly reversed by
protamine. As against routine monitoring of anticoagulant
effects of LMWH is difficult, but they carry low risk of
bleeding and especially with fondaparinux risk of heparin
induced thrombocytopenia(HIT) is minimal.
Drug

Dose

UFH

80 U/kg as a
Continuous
bolus injection
infusion
followed by
infusion at the
rate of 18 U/kg/h

aPTT
(1.5-2.5
times
control)

Enoxaparin

1mg/kg

Every 12 hours

-

1.5mg/kg

Every 24 hours

-

100IU/kg

Every 12 hours

-

200IU/kg

Every 24 hours

-

5 mg (body
weight <50 kg)
7. 5 mg (body
weight
50–100 kg)
10 mg (body
weight >100 kg)

Every 24 hours

-

Daltaparin

Fondparinux

Interval

Monitoring
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Ref to chapter on management of VTE for guidelines on
anticoagulation-drug of choice / duration of treatment.
Thrombolysis- In acute PE, thrombolytic treatment lyses
clot and restores pulmonary circulation more rapidly as
compared to anticoagulation alone. This leads to reduction
in pulmonary pressures and thus restore RV function more
effectively. Thrombolytics have shown to provide the
greatest benefit if they are administered within 48 hours
of symptom onset. Since thrombolysis is associated with
major risk of bleeding its use is restricted only in acute
massive PE. Second and third generation thrombolytics
(alteplase, reteplase, tenectaplase) have advantage over
first generation thrombolytics (streptokinase, urokinase)
being more fibrin specific, have low risk of allergic
reactions, and have relatively longer half life. An
epidemiological study over 10 years showed significant
reduction in mortality attributable to pulmonary embolism
in unstable patients who received thrombolytic therapy.
However in haemodynamically stable patients
thrombolysis has not shown any mortality benefit. Most
recent PEITHO trial showed significant reduction in allcause mortality or haemodynamic decompensation/
collapse within 7 days in patients who were thrombolysed
with tenecteplase and heparin infusion when compared
with heparin infusion alone. However in this trial incidence
of haemorrhagic stroke was significantly higher in
thrombolysis group (2% vs 0.2%)
Moderate Pulmonary Embolism Treated with Thrombolysis
(MOPETT) trial evaluated effect of lower dose of
thrombolytic therapy in patients with moderate acute PE.
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The dose of tPA was ≤50 percent of the standard dose (100
mg) for patients weighing 50 kg or more and 0.5 mg/kg
for those weighing less than 50 kg. This study showed
Lower rates of pulmonary hypertension and Faster
resolution of pulmonary hypertension but same mortality.
A larger study is also required to determine if this benefit
is offset by the potential risks from thrombolysis.
Thrombolytic agentsDrug

Generation Fibrin Dosing
specific

Heparin
infusion

Streptokinase

First

No

IV bolus 250, 000 Stop
units over 30 min
followed by
infusion of
100, 000 units/hr
for 12-24 hours

Urokinase

First

No

4400 Units / Kg
Stop
IV for 10 min
followed by 4400
Units/kg/ hr for
12-24 hours

Alteplase

Second

Yes

10 mg IV bolus,
followed by 90 mg
IV infusion over
2 hours

Recombinant
tissue
plasminogen
activator
(rtPA)

Third

Yes

IV bolus of 15 mg Continue
in 10min followed
by 85 mg in next
2 hours (total =
100 mg) To be
followed by
heparin infusion
on completion of
tPA
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Contraindications for thrombolysis
Absolute contraindications

Relative contraindications

Prior intracranial hemorrhage

History of chronic, severe,
poorly controlled
hypertension

Known structural cerebral
vascular lesion

Severe uncontrolled
hypertension on presentation
(SBP >180 mmHg or
DBP >110 mmHg)

Known malignant intracranial
neoplasm

Traumatic or prolonged
(>10 minute) CPR or major
surgery less than three weeks

Ischemic stroke within three
months

Recent (within two to four
weeks) internal bleeding

Suspected aortic dissection

Noncompressible vascular
punctures/ Recent invasive
procedure

Active bleeding or bleeding
diathesis

Ischemic stroke> three
months

Significant closed-head trauma
or facial trauma within three
months

Pregnancy

Active peptic ulcer
Pericarditis or pericardial fluid
Current use of anticoagulant
Age >75 years
Diabetic retinopathy
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Catheter directed techniques (CDT)- for patients with
massive PE and absolute contraindications for
thrombolysis one can use CDT. These utilize fragmentation,
aspiration, mechanical thrombectomy, thrombolysis or a
combination of these methods. The treatment endpoint
is reversal of hemodynamic instability for massive PE,
reversal of RVD and normalization of PA pressure. (Refer
to chapter on Endovascular management of venous
thromboembolism).
Surgical embolectomy- surgical embolectomy can be
performed in patients with massive PE with failed
thrombolysis or those having contraindications for
pharmacological thrombolysis. It is also indicated in
patients with patent foramen ovale and intracardiac
thrombi.
Venous filtersVenous filters are indicated in patients with acute PE who
have absolute contraindications to anticoagulant drugs,
and in patients with recurrent PE despite adequate
anticoagulation treatment. Whenever retrievable filters
are used it is recommended that they should be removed
as soon as patient can be started on anticoagulants. (Refer
to chapter on Endovascular management of venous
thromboembolism).
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Recommendations for imaging on follow up
Recommendations for Transthoracic
Echocardiography (TTE)
TTE should always be performed at discharge to
evaluate Pulmonary Artery Hypertension (PAH) and if
present, FU at 3 and 6 months must be considered;
TTE follow-up should be considered only for those
patients with a right ventricle–right atrium (RV–RA)
gradient >45 mmHg or in the presence of both
dyspnoea and a RV–RA gradient ranging between 32
and 45 mmHg at discharge.
Recommendations for computed tomography, and
lung scintigraphy
Lung perfusion scan must be performed 3 months after
the acute event in those patients with persisting
symptoms and/or in the presence of right ventricular
dysfunction or pulmonary artery hypertension.
Computed tomography is not useful to redefine
therapeutic strategies during the follow-up.

SummaryCancer is a major risk factor for venous thromboembolism
and PE associated with worst outcome. Management
strategy and in-hospital outcome of patients with major
pulmonary embolism is closely related to the severity of
hemodynamic instability at the time of presentation. High
risk PE is a life threatening disorder with most deaths
occurring early in course. Systemic thrombolysis is a viable
option in patients with high risk PE, as potential benefits
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most certainly outweigh the risk of a life threatening bleed.
In patients with high bleeding risk, several catheter
directed techniques are available and can be useful. Hence
rapid diagnosis and treatment is essential for better
outcome.
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4. Anticoagulation in patients of
cancer associated thrombosis with
thrombocytopenia

Approximately 1% and 8% of all cancer patients undergoing
chemotherapy get affected with venous thromboembolism (VTE) . VTE is also second most common cause
of death among patients receiving chemotherapy .
Management of VTE among cancer patients with
thrombocytopenia is challenging and is different from the
management of VTE in non-cancer patients. In the
presence of other complications of cancer therapy,
guidelines of VTE management in this patient population
is not very well defined . Thrombocytopenia in cancer
patients has been associated with increased rates of
bleeding and there is no protective effect of
thrombocytopenia in preventing VTE in CAT patients.
Hence, the management of anticoagulation in this patient
population requires consideration of many confounding
factors.
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Choice of agent
Low-molecular-weight heparin (LMWH) is preferred
treatment for the initial treatment of CAT and is
recommended by majority of clinical guidelines. Optimal
dosing for LMWH in the management of VTE in patients
with thrombocytopenia is not very well defined. Reduced
dose LMWH for moderate thrombocytopenia (platelet
counts <50 × 109 /L) and temporary discontinuation for
severe thrombocytopenia (platelet counts <25 × 109 /L) is
recommended by some guidelines whereas few guidelines
suggests full-dose anticoagulation with platelet transfusion
support.

Considerations for Treatment
Decisions about anticoagulation in patients with
thrombocytopenia should be balanced with the risks of
thrombosis with the risks of bleeding due to
thrombocytopenia . Evidence regarding outcomes of
cancer-associated VTE in individuals with concomitant
thrombocytopenia comes from observational mostly
retrospective studies. There are no randomized trials
comparing different approaches to reducing the risks of
VTE or VTE progression in people with cancer and
thrombocytopenia. Anticoagulation is generally well
tolerated, and mortality from VTE may be greater than
mortality from bleeding in most populations. In Spanish
registry (RIETE) which has around 40, 000 patients, the
fatal pulmonary embolism (PE) rate was 3. 6 % and fatal
hemorrhage of 2.0 percent, in patients with VTE and a
platelet count <80, 000/microL. Both rates of VTE and PE
were higher than seen in patients with normal platelet
counts.
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Hematopoietic stem cell transplant (HCT) recipients and
patients with brain tumors, for whom bleeding was more
common than VTE are at greater risk of mortality from
bleeding rather than thrombosis .
Primary VTE prophylaxis — Primary thromboprophylaxis
can be considered in a patients with platelet counts above
50, 000/microL, Limited data is available regarding the
safety of primary thromboprophylaxis in patients with
severe thrombocytopenia.

VTE treatment/secondary prophylaxis
Platelet count 50, 000/microL or above— In patients with
platelet counts ≥50, 000/microL who are in need of
anticoagulation for VTE treatment and/or secondary
prophylaxis, full-dose anticoagulation is recommended.
Patients with mild-to-moderate thrombocytopenia
(platelet count between 50, 000 and 149, 000/microL) with
VTE and increased bleeding risk factors, dose of
anticoagulation drug is based on the risk of VTE
progression/recurrence. High VTE risk patients, can be
considered with lower-dose anticoagulation (eg, halfdose), and those with a low VTE risk can be treated with
prophylactic-dose anticoagulation or options of close
observation.
Platelet count <50, 000/microL: Management of VTE in
this group of patients depends on many factors which
includes bleeding risk, risk for VTE progression or
recurrence and absolute platelet count. Algorithm for
managing VTE in this group of patients is summarized
below.
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Patients with cancer-associated VTE and platelet counts
between 25, 000 and 50, 000/microL, anticoagulation is
recommended. This recommendation is based on data and
evidence from observational studies. The dose of the
anticoagulant is initially stratified by the presence or
absence of bleeding risk factors other than
thrombocytopenia.
Without strong bleeding risk factors – For individuals with
standard bleeding risk who have a high risk of VTE
recurrence, depending on thromboembolism progression
or recurrence VTE management is further subdivided:
•

High risk for VTE progression or recurrence –
Recommendation for this population is to treat with
full-dose anticoagulation with platelet support
especially for VTE within 30 days . High risk includes
patients with new VTE, proximal lower extremity deep
vein thrombosis (DVT) or segmental or larger
pulmonary embolism (PE), active cancer or active
chemotherapy . Other options includes reduced-dose
anticoagulation or temporarily holding
anticoagulation and use of an inferior vena cava (IVC)
filter.
• Low risk for VTE progression or recurrence –
Management is based on platelet level
If the platelet count is <25, 000/microL, hold
anticoagulation temporally, re-evaluate once the
platelet count increases.
If the platelet count is between 25, 000 and 50, 000/
microL, reduce the anticoagulant dose by half (enoxaparin
0.5 mg/kg twice daily in place of 1 mg/kg twice daily;
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dalteparin 100 units/kg once daily in place of 200 units/kg
once daily). Dose reductions for unfractionated heparin
have not been well established and use of low molecular
weight heparin (LMWH) is recommended . If
unfractionated heparin is used, then dose of this is to be
titrated to the activated partial thromboplastin time (aPTT)
range and loading dose is not advisable.
With increased bleeding risk factors – For individuals who
have one or more bleeding risk factors along with a platelet
count <50, 000/microL. Options include reducing the
anticoagulant dose by half, using prophylactic rather than
therapeutic dosing or temporarily stopping
anticoagulation along with the use of an inferior vena cava
(IVC) filter.
Quality initiative project identified 99 individuals with
cancer who were receiving therapeutic-dose enoxaparin
for VTE and had at least one episode of thrombocytopenia
lasted for seven or more days (median duration, 12 days)
in a three-year period . This was approximately 0.6 percent
of individuals with VTE during the study period.
Hokusai VTE cancer trial randomly assigned 1050 patients
with cancer-associated VTE to receive either the LMWH
dalteparin or edoxaban (the direct factor Xa inhibitor)for
six to 12 months. Dalteparin dose reduction was
predefined with platelet level. Dose reduced by 2500 units
for platelet counts between 50, 000 and 100, 000/microL
and the dose held if the platelet count decreased below
50, 000/microL. Decreased platelet was seen in 0.5% of
study population. Results of this study confirmed similar
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efficacy and safety of both agents along with the feasibility
of LMWH dose reduction as per decreased platelet counts.
Venous thromboembolism during thrombocytopenia in
patients with Hematological malignancies
International Society of Thrombosis and Hemostasis,
American Society of Clinical Oncology and British
Committee for Standards in Hematology have published
guidelines for treatment of VTE in patients with cancer.
These clinical practice guidelines are not based on
randomized controlled studies specifically at VTE in
thrombocytopenic patients with hematological
malignancies. As per these guidelines, low molecular
heparin for initial treatment and maintenance for a period
of 3–6 months is suggested for patients with cancer with
an established VTE. In cancer patients with
thrombocytopenia both ASCO and ISTH, have defined a
threshold of 50 × 10 9 /L below which therapeutic
anticoagulation is relatively contraindicated. BCSH
recommends the use of platelet transfusions when the
platelet count is <50 × 109/L. This cut off is based on
exclusion criteria used in clinical trials rather than evidence
based.
Venous thromboembolism during thrombocytopenia
after hematopoietic cell transplantation
In individuals undergoing stem cell transplant, the risk of
bleeding appears to be higher than the risk of serious
complications arising from VTE. Hence, dose-modified
anticoagulation is preferred rather than therapeutic
anticoagulation with aggressive platelet transfusion
support in this group of patients.
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In 1514 individuals undergoing inpatient HCT,
symptomatic VTE seen in 70 patients (4. 6 percent)
within the first 180 days. Most were catheterassociated (55 of 75; 73 percent). One-third cases
occurred at a platelet count of <50, 000/microL; the
median platelet count at the time of development of
VTE was 75, 000/microL. In multivariate analysis, prior
VTE (odds ratio [OR] 2.9; 95% CI 1.3-6. 6) and graftversus-host disease (GVHD; OR 2.4; 95% CI 1.4-4. 0)
were the features that were predictive for VTE . There
were no fatal VTE events. Clinically significant bleeding
occurred in 230 individuals (15 percent).

Role of Direct Oral anticoagulants

In patients with Platelet count < 50, 000 : Most of
studies have either excluded these patients or
stopped the drugs if Platelet count falls to <50, 000.
Platelet Cut-Off For Anticoagulant Therapy In Cancer
Patients With Venous Thromboembolism and
Thrombocytopenia: An Expert Opinion Based On RAND/
UCLA Appropriateness Method (RAM)
1.

2.

3.
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Cancer patients with acute VTE and a platelet count
<100, 000 μL - >50, 000 should receive full therapeutic
dose LMWH.
In cases of non-acute VTE with platelet count <100,
000 μL - >50, 000, the dose of LMWH should be
reduced to 75% of the full dose.
In cancer patients with acute VTE and platelet count
<50, 000 - >30, 000 μL, the LMWH dose should be
reduced to 50% of the full therapeutic dose.

4.

5.

In case of non-acute VTE and a platelet count <50,
000 μL - >30, 000, the expert panel considers
treatment with a reduced dose to 50% or a low dose.
In case of platelet count below 30, 000 μL, hold both
LMWH and in acute and non-acute VTE.

Summary
Anticoagulation use in patients with thrombocytopenia
should balance the risks of thrombosis or thrombosis
progression versus risks of bleeding due to
thrombocytopenia. There are no accepted guidelines for
anticoagulation in patients with thrombocytopenia and use
of anticoagulation should be individualized taking account
of multiple factors.
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5. Management of
Recurrent VTE in cancer

Cancer patients have a 3-fold risk of recurrent VTE. This
increased risk of recurrence is not only observed after
anticoagulant treatment is stopped, but also during
anticoagulant treatment. The results of recent registries
show that the current approach to cancer patients with
recurrent venous thromboembolism in routine clinical
practice is highly heterogeneous. Data are lacking to
determine the best management of cancer patients with
a recurrent VTE.

Guidelines for recurrent Cancer-Associated
Thrombosis despite anticoagulation
Clinical challenges in patients with cancer-associated
thrombosis: Canadian expert consensus recommendations
2015
1.

In patients with active cancer and a history of VTE
who develop an objectively confirmed VTE recurrence
during active anticoagulation with warfarin recommend switching to a LMWH at full therapeutic
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2.

3.

4.
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dose for a minimum of 4 weeks; expert consensus
would recommend long-term therapy. Level of
evidence: iia; Level of agreement: 95%
In patients with active cancer and a history of VTE
who develop an objectively confirmed VTE recurrence
during active anticoagulation with a LMWH at a dose
lower than the full therapeutic dose (for example, 75%
or lower)- recommend increasing the dose to the full
therapeutic dose for a minimum of 4 weeks; expert
consensus would recommend long-term therapy.
Level of evidence: iia; Level of agreement: 95%
In patients with active cancer and a history of VTE
who develop an objectively confirmed VTE recurrence
during active anticoagulation with a LMWH at full
therapeutic weight-based dose-recommend
increasing the total dose by 20%–25% for a minimum
of 4 weeks and considering twice daily dosing[Level
of evidence: iia; Level of agreement: 95%
In patients with active cancer and a history of VTE
who develop an objectively confirmed VTE recurrence
during active anticoagulation with a supratherapeutic
dose of LMWH (that is, after dose escalation), expert
consensus on the optimal treatment strategy is
lacking. Suggest any one or a combination of these
options:
• Further LMWH dose escalation with or without
the use of anti–factor Xa monitoring
• Addition of an antiplatelet agent
• Consideration of changes to the antineoplastic
treatment in consultation with the treating

5.

6.

oncologist Level of evidence: v; Level of
agreement: 81%
In patients with active cancer and a history of VTE
who develop an objectively confirmed VTE recurrence
during active anticoagulation with a DOAC (for
example, apixaban, dabigatran, rivaroxaban,
edoxaban), recommend switching to full-dose LMWH
for a minimum of 4 weeks; expert consensus would
recommend long-term therapy. Level of evidence: v;
Level of agreement: 95%
In patients with active cancer and a history of VTE
who develop an objectively confirmed VTE recurrence
during active anticoagulation with either LMWH or
warfarin, recommend against switching to DOACS or
fondaparinux. Level of evidence: iv; Level of
agreement: 76%

Level of evidence, Evidence type
ia

Systematic review of randomized controlled trials

ib

Individual randomized controlled trials with narrow
confidence intervals

iia Systematic reviews of cohort studies
iib Individual cohort studies or low-quality randomized
controlled trials
iiia Systematic reviews of case–control studies
iiib Individual case–control studies
iv

Case series

v

Expert opinion or formal consensus
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Summary
1.

2.

3.
4.
5.

88

Assess for possible causes
Inadequate dose of anticoagulant, Treatment non
compliance, warfarin or heparin resistance, suspect
Heparin induced thrombocyto-penia, Cancer
hypercoagulability Mechanical compression of Vessel
Acquired or familial thrombophilia
In patient develops recurrent VTE on warfarin- if INR
sub therapeutic confirm patient adherence and adjust
doses to achieve therapeutic level of INR
If warfarin resistance or drug interaction with
chemotherapeutic agent suspected, or patient
develops recurrent VTE despite INR in Therapeutic
range, then to switch to therapeutic dose low
molecular weight heparin
If Patient develops recurrent VTE on once daily dose
of LMWH, step up to twice daily dose
If patient develops recurrent VTE on full dose of
LMWH, may increase the dose by 20-25%
If patient develops recurrent VTE despite increase in
dose of LMWH by 20-25% consider IVC filter.
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6. Bridging of anticoagulation in
cancer patients with VTE

Bridging means replacement of oral anticoagulation with
short acting anticoagulant before an invasive procedure
and resuming the patients appropriate therapeutic
anticoagulant dosing regimen post procedure. Bridging
therapy with either intravenous unfractionated heparin or
low-molecular-weight heparin has evolved empirically to
reduce thromboembolic events during temporary
interruption of oral anticoagulation in higher-risk patients,
such as those with a mechanical MVR or AVR and
additional risk factors for thromboembolism (e. g. , AF,
previous thromboembolism, hypercoagulable condition,
older-generation mechanical valves [ball-cage or tilting
disc], LV systolic dysfunction, or >1 mechanical valve) It’s
challenging to manage patients who are on long term
anticoagulation undergoing surgical procedures as one
needs to interrupt the anticoagulation increasing the risk
of thromboembolism. And while doing so one has to
achieve perfect balance between reducing the risk of
thromboembolism and preventing excessive bleeding. The
incidence of thromboembolism and bleeding related to
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periprocedural anticoagulation management of such
patients is unknown. If use of anticoagulation is stopped
during the first 4 weeks of treatment, the risk of recurrent
VTE is 0.3% to 1.3% per day, dropping to 0.03% to 0.2%
per day over the next 4 to 12 week. The two most
important aspect of bridging is, firstly, to identify patients
who are at high risk of TE and second to identify procedural
bleeding Risk. The diagnosis of cancer itself is a risk for
developing thromboembolism.

Thromboembolism risk
Risk

Venous thromboembolism

High Risk

• Recent VTE (<3 months ago)
• Severe thrombophilia
(eg, antiphospholipid antibodies)

Moderate Risk

VTE within the past 3-12 months
• Nonsevere thrombophilia
(eg, heterozygous factor V mutation)
• Recurrent VTE
• Active cancer
(treated within 6 months or palliative)

Low Risk

Prior VTE >12 months ago and no other
risk factors

Patient’s risk of bleeding
HAS-BLED score (hypertension, abnormal liver or renal
function, prior stroke, prior major bleeding or anemia,
labile international normalized ratio [INR] for VKA
patients, age >65 years, concomitant use of
antiplatelet agents or nonsteroidal anti-inflammatory
drugs)
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Any recent bleeding events (within 3 months),
Platelet abnormalities,
Elevated INR values for VKA patients,
Any prior procedural bleeding history
Surgery with high bleeding risk
Any major surgery more than 45 minutes or involving
extensive field will carry high bleeding risk
Abdominal /GI
Bowel resection
Liver surgery
Splenectomy
Polypectomy
Pneumatic dilation
Variceal procedures
Sphincterotomy

Bone tumor
resection surgery
Large joint
arthroplasty
Prosthetic revision
surgery

Urology
Nephrectomy
Bladder resection
Transurethral
resection of
prostate
Surgery for
urological cancer

Breast cancer
resection

Otolaryngotic
surgeries

Head and neck
surgeries

Major
reconstruction
plastic surgeries

Thoracic and
Lung cancer
surgeries

Neurosurgeries
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Procedural Bleeding Risk
(Table adapted from MD Anderson cancer center practice
algorithm perioperative management of anticoagulation)
Procedure

Low Risk Bleeding

High Risk Bleeding

Gastroenterology
Procedures

Capsule endoscopy
Diagnostic
(esophagogastroduodenoscopy (EGD),
colonoscopy,
flexible sigmoidoscopy) including
biopsy
Enteral stent
deployment
(without dilation)
Enteroscopy and
diagnostic balloon assisted enteroscopy
Endoscopic retrograde
cholangiopancreatogram (ERCP) without
sphincterotomy
EUS without FNA

Biliary or pancreatic
sphincterotomy
Polypectomy
Cystogastrostomy
Endoscopic
hemostasis
Endoscopic
ultrasound (EUS)
with FNA
Tumor ablation by
any technique
Pneumatic or
bougie dilation
percutaneous
endoscopic
gastrostomy (PEG)
placement
Therapeutic balloon
- assisted
enteroscopy
Treatment of
varices

Cardiology
Procedures

Electrophysiology
testing and / or
ablation
Diagnostic coronary
angiograpy

Pacemaker or
defibrillator
placement
Coronary
intervention
Endomyocardial
biopsy
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Procedure

High Risk Bleeding

Low Risk Bleeding

Pulmonary
Procedures

Diagnostic
bronchoscopy with
transbronchial biopsy
Diagnostic
bronchoscopy with
endobronchial biopsy
Therapeutic
bronchoscopy with
endobronchialtumor
destruction,
stenosis relief, or
management of
hemoptysis
Pleuroscopy,
pleural biopsy
Diagnostic
bronchoscopy with
endobronchial
ultrasound - guided
transbronchial
needle aspiration
(EBUS - TBNA)
Tunneled pleural
catheter placement
Tunneled pleural
catheter removal

Diagnostic
bronchoscopy
airway exam
Diagnostic
bronchoscopy with
bronchoalveolar
lavage (BAL)
Thoracentesis

General
Procedures

Lumbar puncture
Peripherally inserted
central catheter
(PICC) line placement
All operating room
procedures

Bone marrow
aspiration and
biopsy
Ommaya reservoir
puncture
Subclavian or
femoral vein
catheter placement
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Procedure

High Risk Bleeding

Low Risk Bleeding

Interventional
radiology

Transjugular
Non - tunnelled
intrahepatic porto venous access
systemic shunt
Central line removal
Lung interventions:
(non - tunnelled)
biopsy, drainage
Drainage catheter
(parenchymal)
exchange greater
Solid organ biopsies than 6 weeks
Solid organ drainage (biliary,
nephrostomy, biliary, nephrostomy,
cholecystostomy
abscess)
Ablations :
Thoracentesis
solid organs, bone,
Non - tunnelled
soft tissues, lung
chest tube
Transjugular liver
placement (pleural
biopsy
space)
Tunneled central
Paracentesis
venous catheter
Intraperitoneal
placement
catheter placement
Angiography,
Superficial
arterial intervention (e . g . , lymph
with access size up to nodes) or palpable
6 French
mass biopsies
Trans - arterial
Superficial abscess
embolotherapy
drainage
Venous interventions Inferior vena cava
Portal vein
(IVC) filter
embolization and
placement
stenting
IVC filter retrieval
Non - organ biopsy
Left and right
(e. g. , retroperitoneal, cardiac
vertebral,
catheterization
intra - abdominal)
Non - organ drainage
(e . g . , abdominal or
retroperitoneal
abscess)
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Procedure

High Risk Bleeding

Low Risk Bleeding

Drainage catheter
exchange less than
6 weeks (biliary,
nephrostomy,
abscess)
Gastrostomy tube
placement
Spine procedures :
vertebroplasty,
kyphoplasty
Tunneled drainage
catheter placement
(e. g. , Denver
catheter)
Central line removal

Patient on anticoagulation planned for procedure
Risk

High thrombotic
risk

Low thrombotic
risk

High bleeding risk Hold anticoagulants
If patient on warfarin,
bridge and hold
anticoagulation

Hold anticoagulants
(If patient on
warfarin, bridging is
not necessary)

Low bleeding risk

Continue current
anticoagulation
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Continue current
anticoagulation

Recommended holding time prior to procedure- it is
utmost important to considerrenal functions when
determining appropriate hold times for anticoagulants.
Warfarin

PRE-OP

POST-OP

For patients whose Stop 5 days (last dose Restarting warfarin
INR is between
given 6 days before
after surgery:
2.0 and 3. 0
surgery) before the
Post-operatively,
procedure, allowing warfarin should be
the INR to
resumed after the
spontaneously fall.
epidural catheter
Warfarin should be
and drains have
withheld for a longer been removed and
period of time if the also when the
INR is normally
patient is able to
maintained above 3. 0. take medications by
Subcutaneous LMWH mouth
in a therapeutic dose LMWH should be
should be started
continued until the
the second day after INR is therapeutic
the last dose of
(to stop heparin
warfarin.
and continue
If the INR is >1.5,
warfarin once
administer low dose INR >2)
oral vitamin K
(eg, 1 to 2 mg) to
hasten normalization
of the PT/INR and
recheck the following
day.
Proceed with surgery
when the INR is ≤1.4.
An INR in the normal
range is especially
important in patients
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Warfarin

PRE-OP

POST-OP

undergoing surgery
associated with a
high bleeding risk
(eg, intracranial,
spinal, urologic) or
if neuraxial anesthesia
is to be used.

Fondaparinux
CrCl
(mL/minute)

Normal or low
risk of bleeding

High risk of
Bleeding

greater than 50

Last dose to be taken Last dose to be
3 days prior to
taken 5 days prior
procedure
to procedure

30 - 50

Last dose to be taken Last dose to be
7 days prior to
taken 7 days prior
procedure
to procedure

less than 30

Contraindicated

Contraindicated

Low Molecular Weight Heparin
Low Molecular
Weight Heparin

PRE-OP

POST-OP

Enoxaparin /
dalteparin

stop 12 hours
before surgery
(half dose to be taken
24 hour prior from
time of surgery) or
longer in patients
with renal
impairment.

After major surgery
Therapeutic dose to
be started after
24 hours when
adequate post-op
hemostasisis
achieved
If there is evidence
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Low Molecular
Weight Heparin

PRE-OP

POST-OP
of surgical bleeding
or if the patient is
at high risk of
bleeding, or
epidural catheter is
in-situ it should be
delayed further.
In situations
wheretherapeutic
dose LMWH is
deferred beyond
24 hours, the
administration of
prophylactic dose
LMWH can be
considered sooner
(as early as the
evening of the day
of surgery).
After minor surgery
Therapeutic dose
LMWH may be
started prior to
24 hours after
surgery.
In Neurosurgical
procedures,
anticoagulation to
be restarted only
after 96 hours
post– procedure.
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Bridging with unfractionated heparin after surgery
Full dose (therapeutic dose) unfractionated heparin
should be started 24 hours after major surgery when
there is adequate post-op hemostasis. If there is
evidence of surgical bleeding or if the patient is at high
risk of bleeding or if the epidural catheter is in-situ, it
should be delayed further.
Post-op APTT levels to be monitored
Once the epidural catheter and drains has been
removed to start overlap with warfarin
To titrate the dose of warfarin to maintain INR in range
of 2-3
Heparin should be continued until the INR is in
therapeutic range. (to stop heparin and continue
warfarin once INR >2)
Holding dabigatran, rivaroxaban and apixaban before
surgery
Dabigatran

Normal or low
risk of bleeding

High risk
of bleeding

CrCl
Last dose to Withhold for Last dose to
Withhold for
(mL/minute) be taken prior days before be taken prior days before
to procedure procedure
to procedure procedure
greater
than 80

2 days prior

1 day

3 days

2days

50 – 79

3 days prior

2days

4 days

3days

30 – 49

3 days prior

2days

5 days

4days

less than 30

4 days prior

3 days

6 days

5days
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Rivaroxaban

Normal or low
risk of bleeding

High risk
of bleeding

CrCl
Last dose to Withhold for Last dose to
Withhold for
(mL/minute) be taken prior days before be taken prior days before
to procedure procedure
to procedure procedure
greater than 2 days prior
80

1 day

3 days

2days

50 - 79

2days prior

1days

3 days

2days

30 - 49

2 days prior

1days

4 days

3days

less than 30

3 days prior

2days

4 days

3days

Apixaban &
Edoxaban

Normal or low
risk of bleeding

High risk
of bleeding

CrCl
Last dose to Withhold for Last dose to
Withhold for
(mL/minute) be taken prior days before be taken prior days before
to procedure procedure
to procedure procedure
greater than 2 days prior
80

1 day

3 days

2days

50 - 79

2days prior

1days

4 days

3days

30 - 49

3 days prior

2days

4 days

3days

less than 30

3 days prior

2days

5 days

4days

Restarting dabigatran, rivaroxaban and apixaban after
surgery: Post-operatively, peak plasma concentrations of
these agents are achieved quickly following administration,
thus, bridging is not normally required. They can be
restarted once epidural catheter and drains have been
removed and when the patient is able to take medications
by mouth.
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Drug Time to Peak Plasma Concentrations post dose
Dabigatran

6 hours (post-operative patients)

Rivaroxaban

2 to 4 hours

Apixaban

3 to 4 hours

American Society of Hematology 2018 guidelines for
management of venous thromboembolism: optimal
management of anticoagulation therapy. (Blood adv 2018)
For patients at low to moderate risk of recurrent VTE who
require interruption of VKA therapy for invasive
procedures, the ASH guideline panel recommends against
peri procedural bridging with LMWH or UFH in favor of
interruption of VKA alone(strong recommendation based
on moderate certainty in the evidence about effects). For
patients interrupting DOAC therapy for scheduled invasive
procedures, the ASH guideline panel suggests against
performing laboratory testing for DOAC anticoagulant
effect prior to procedures (conditional recommendation
based on very low certainty in the evidence about effects)

Summary
Proper Risk assessment for thromboembolism and
bleeding is needed to minimize adverse clinical outcomes,
while managing anticoagulation peri-operatively in patient
with cancer associated thrombosis.
Important principles of bridging of anticoagulation
1.
2.
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VKA should not be interrupted for procedures with
low bleeding risk.
Patients at highest risk for TE without excessive
bleeding risk should consider bridging. Conversely,
those at low risk for TE should not be bridged.

3.

Intermediate-risk cases should be managed by
individually considering patient- and procedurespecific risks for bleeding and TE.
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7. Complications of Anticoagulation

Diagnosis of venous thromboembolism (VTE) requires
prompt treatment with anticoagulants in therapeutic
doses. Although highly effective, they are also associated
with significant adverse effects. Complications of
anticoagulants can be, broadly, divided into 2 main
categories.
- Bleeding
- Non Bleeding
Bleeding Complications
Major bleeding is defined as

Fatal bleeding

Bleeding into a critical organ (brain, intra-abdominal,
gastrointestinal)

Associated with a decrease in hemoglobin level of
>2gm/dl

Leading to transfusion of 2 or more units of blood
Minor bleeding is defined as all other bleeds.
Extracranial hemorrhages, predominantly gastrointestinal
in origin, are much more common than intracranial
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hemorrhages, intracranial events are usually more
devastating in impact. Only 5. 1% of extracranial
hemorrhages on warfarin result in death at 30 days,
compared to a nearly 50% mortality rate in patients with
warfarin-associated intracranial hemorrhage
Clinical risk prediction tools
Since these drugs are associated with the occurrence of
haemorrhage, identification of patients at increased risk
of major bleeding is of utmost clinical importance for
defining the optimal treatment regimen and duration of
anticoagulation.
Clinical factors associated with an increased risk of
hemorrhage, including older age, anemia, malignancy and
renal disease. To help quantify hemorrhage risk for
individual patients, a number of clinical risk prediction tools
can be used.
Table -1 : Bleeding risk scores
HAS-BLED Hypertension, abnormal renal function, abnormal
liver function, stroke, bleeding history or
predisposition, labile INR, age >65 years, drugs/
alcohol concomitantly: 1 point each, score of >3
indicates high risk.
ACCP
(Kearon,
2012)

Age > 65 y, age > 75 y, previous bleeding, cancer,
metastatic cancer, renal failure, liver failure,
thrombocytopenia, previous stroke, diabetes,
anemia, antiplatelet therapy, poor anticoagulant
control, comorbidity and reduced functional capacity,
recent surgery, frequent falls, alcohol abuse.
score of >2 indicates high risk.
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Reversal of Anticoagulation
Immediate reversal of anticoagulation may be needed in
the setting of major bleeding or need for urgent/emergent
surgery. Several anticoagulants have approved drugspecific antidotes.
Table 2- Summary of reversal of effect anticoagulants
Anticoagulant

Elimination
half life

Reversal
Comments
agent (dose)

UFH

30 – 90
minutes
(dose
dependent)

Protamine - Consider only amount of
-(1mg/100 U heparin administered in the
of heparin)
3 hour prior to protamine
for dose calculation.
- Risk for allergic /
hypersensitivity reactions
in patients with fish allergy
or previous protamine
exposure
- Limit protamine at
50 mg/dose.
- Reversal effect seen in
5–10 min, monitor aPTT
- Repeat dosage may be
necessary
Time since Dose of
last dose of protamine
heparin
for each
100 units of
heparin
administered
Immediate

1mg
(or 25mg
fixed dose)

30 minutes
– 2 hrs

0.5mg
(or 10mg
fixed dose)

>2 hrs)

0.25mg
(or 10mg
fixed dose)

107

Anticoagulant

Elimination
half life

Reversal
Comments
agent (dose)

LMWH

Dalteparin,
enoxaparin 3-5 hours
(longer in
renal
impairment)

Protamine
-(1 mg/mg
of LMWH if
anticoagulant
given <8 h
prior to
protamine)
-(0.5mg/mg
of LMWH if
anticoagulant
given 8–12 h
prior to
protamine)

- Protamine does not
completely reverse LMWH
(60% of LMWH anti-Xa
activity).
- Risk for allergic /
hypersensitivity reactions
in patients with fish
allergy or previous
protamine exposure.
Time since
Dose of
last dose
protamine
of LMWH
for each
100 units of
dalteparin
or 1mg of
enoxaparin
administered
< 8 hrs

1mg
(or 50mg
fixed dose)

8-12 hrs

0.5mg
(or 25mg
fixed dose)

> 12hrs

Not likely to
be useful
(or 25mg
fixed dose)

- Repeat dosage at 0.5 mg/
mg LMWH if bleeding
persists or elevated anti-Xa
activity after 4 hours
VKAs
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Fresh Frozen See table 3
Plasma(FFP)*
Prothrombin
complex
concentrate
(PCC)#

Anticoagulant

Elimination
half life

Reversal
Comments
agent (dose)

Fondaparinux 17 – 21
rVIIa
hours
(significantly
longer in
renal
impairment)

• Fondaparinux levels can
be assessed by anti-factor
Xa activity
• Consider rFVIIa
(Novoseven) 90 mcg/kg
NOTE: rVIIa will not effect
anti-factor Xa activity and
will not increase drug
clearance

Dabigatran

14-17 hours Idarucizumab (up to 34 hrs (Praxbind
in severe
5 g IV)
renal
impairment)
-

Monoclonal antibody
fragment that binds
dabigatran with high
affinity
In acute renal failure,
hemodialysis may be
considered to facilitate
drug elimination

Rivaroxaban

Healthy:
5-9 hrs
Elderly:
11-13 hrs

None

Drug activity can be
assessed with anti-factor Xa
activity assay
If ingested within 2 hours,
administer activated
charcoal
• Consider 4-factor PCC
50 units/kg
(maximum 5000 units)

Apixaban

8-15 hours

None

Drug activity can be
assessed with anti-factor Xa
activity assay
If ingested within 2 hours,
administer activated charcoal
• Consider 4-factor PCC 50
units/kg
(maximum 5000 units)

#PCC —INR 1.5 – 3. 9: 25 units/kg, INR 4. 0 – 6. 0: 35 units/kg, INR > 6. 0: 50 units/kg
@ specific Andexanetalfa and Aripazine are being studied
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Table 3-Vitamin K Dosing for Elevated INRs or bleeding in
Patients on Warfarin
Bleeding

INR

Action

None

5-9

- Hold Warfarin Therapy
- Evaluate for food and drug interactions,
for dosing or laboratory errors
- Repeat INR in 1-4 days
- If INR rising or at high risk of bleeding,
give vitamin K 1.0-2.5 mg PO

>9

- Hold Warfarin Therapy
- Evaluate for food and drug interactions,
for dosing or laboratory errors
- Repeat INR in 12-24 hours and again
in 48 hours
- Vitamin K 2-10 mg PO; repeat as needed

Minor

Any - Hold Warfarin Therapy
- Vitamin K 1-5 mg PO or IV
- INR q8-24 hourly; repeat vitamin K
as needed
- If bleeding not controlled in 24 hour,
treat as major bleeding

Major

Any -
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Hold Warfarin Therapy
Vitamin K 10 mg IV over 10-20 minutes
Fresh Frozen Plasma (10-15 ml/kg)
Consider Prothrombin complex
concentrate (25-50 U/kg)
- Repeat INR in 6-12 hour and continue
vitamin K and FFP until INR remains normal
and bleeding has stopped
- Surgical intervention for hemostasis

Table 4- Preoperative Management of Elevated INR
in Patients on Warfarin
INR Value

Urgent Surgery or
Procedure

Surgery or
Procedure
Scheduled in
24-48 hours

INR ≥ 1.5 but ≤1.9
No significant
bleeding

Treatment with FFP

Vitamin K 1mg PO

INR > 2 but < 9
who require
surgery
No significant
bleeding

For rapid
(< 12 hours)
reversal:
FFP + Vitamin K
1-3mg slow IV

Vitamin K 1-2.5mg
PO
If INR still elevated
in 24h, repeat

INR > 2 but < 9
who require
surgery
No significant
bleeding

For rapid
(< 12 hours)
reversal:
FFP + Vitamin K
2-5mg slow IV

Vitamin K 2.5-5mg
PO
If INR still elevated
in 24h, give
Vitamin K 1-2mg PO

Non-bleeding complications
1. Heparin-induced thrombocytopenia (HIT)
2. Skin necrosis and local allergic reactions
3. Delayed-type hypersensitivity (DTH) reactions
4. Medication errors — Heparin sodium for injection
should not be used to flush catheter locks or
intravenous ports, because of differing concentration
of different preparations.
5. Systemic allergic reactions
6. Hyperkalemia
7. Osteoporosis
8. Interference with thrombophilia testing
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Heparin induced thrombocytopenia
Type I (Non-immune)
(Heparin-Associated
Thrombocytopenia)

Type II (Immune)

Transient, non-immune complication
of heparin therapy

More serious,
immune complication

Agglutinating effects of heparin on
platelets

Heparin-induced
anti-platelet
antibodies, that target
complexes of platelet
factor 4 and heparin,
can cause
thrombocytopenia
and an increased risk
of paradoxical venous
and arterial
thrombosis

Occurring within minutes to the first
two days of heparin exposure

Occurs within 4-14
days (4-21)

Low pretest probability of HIT
(low 4Ts score)

High pretest
probability of HIT
(eg, high 4Ts score)

- Managed expectantly without any
change in heparin administration.
- The mild thrombocytopenia typically
resolves, either with continuation or
with discontinuation of heparin.
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Table 5-HIT prediction scores-4T score
Category

1 points

0 points

Thrombocytopenia Platelet count
fall > 50% and
platelet nadir
≥ 20 × 109 L-1

2 points

Platelet count
fall 30%-50%
or platelet nadir
10-19 × 109 L-1

Platelet count
fall < 30% or
platelet nadir
< 10 × 109 L-1

Timing of platelet
count fall

Clear onset
between days
5 and 10 or
platelet fall
≤ 1 day
(prior heparin
exposure within
30 days)

Consistent with
days 5-10 fall,
but not clear
(e. g. missing
platelet counts)
or onset after
day 10 or fall
≤ 1day (prior
heparin
exposure
30-100 days
ago)

Platelet count
fall < 4 days
without recent
heparin
exposure

Thrombosis or
other sequelae

New thrombosis
(confirmed) or
skin necrosis at
heparin injection
sites or acute
systemic reaction
after intravenous
heparin bolus

Progressive or None
recurrent
thrombosis or
non necrotizing
(erythematous)
skin lesions or
suspected
thrombosis
(not proven)

Other causes for
None apparent
thrombocytopenia

Possible

Definite

Pre- test probability of HIT- score ≤3 –Low, 4-5-Intermediate, ≥6 -High

The diagnosis of HIT cannot be made without laboratory
evidence of anti-PF4/heparin antibodies. Laboratory assays
detect the presence of HIT antibodies using platelet
activation assays (“functional”) or by immunoassays.
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With any moderate to high degree of suspicion for HIT, all
heparin agents must be discontinued and recently initiated
warfarin should be reversed with vitamin K to replete
protein C and S stores to prevent venous limb gangrene.
Platelet transfusion is not recommended routinely, but can
be considered in patients with bleeding or for an invasive
procedure. An alternate anticoagulant (e. g. , argatroban
or bivalirudin) should be initiated.
Direct thrombin inhibitors (DTIs) require IV administration
and frequent blood draws for dose adjustments, which
can lead to prolonged hospitalization. DTIs also affect
blood test measurements, making it difficult to determine
proper dosages of warfarin. Fondaparinux is not FDA
approved for the treatment of HIT. However, an increasing
number of doctors are using fondaparinux instead of DTIs
to treat HIT. All patients with HIT require at least 4 weeks
of anticoagulation, which increases to at least 3 months if
complicated by thrombosis. It is critical to overlap warfarin
and a non heparin agent for at least 5 days when converting
to oral therapy, and to be aware of the effects argatroban
has on increasing international normalized ratio (INR) levels
independent of warfarin’s activity. Most patients should
avoid the use of heparin in the future.
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Figure -1 Approach to a patient with suspected HIT
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8i. Management of splanchnic
venous thrombosis in patients
with cancer

1. Introduction:
Splanchnic venous thrombosis (SVT) is considered as an
unusual site manifestation of VTE. SVT can involve
thrombosis in the mesenteric (superior and inferior),
splenic, portal veins or hepatic veins (Budd Chiari
syndrome-BCS) with PVT being the most frequent
manifestation and BCS being the least frequent.
Thrombosis can occur in isolated segments or be multisegmental or involve the main vein. Liver cirrhosis (27. 8%)
and solid cancer (22.7%) were common risk factors in a
study on 604 patients with SVT. Amongst the group with
incidentally detected SVT, 78% patients had portal vein
thrombosis (PVT) with the commonest underlying diseases
being liver cirrhosis (46%) and solid cancer (35%).
SVT can have variable clinical presentations and generally
presents as distinct isolated venous thrombosis (BCS, PVT
or mesenteric venous thrombosis-MVT). However,
concomitant involvement of two or more splanchnic veins
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is not uncommon. SVT is a spectrum ranging from acute
to chronic thromboses.

2. Prognosis of SVT in patients with cancer:
SVT can be potentially life-threatening. In a retrospective
study of patients with SVT (n=832), of which 27% had
cancer, the 10-year survival rate was significantly less in
patients with multi-segmental vs. single/isolated segment
thrombosis (48% vs. 68%; P <0.001). The 10-year survival
was highest for patients with isolated hepatic vein
thrombosis (HVT) and lowest in those with isolated PVT
(82% vs. 63%, P = . 045). The 10-year survival rate for the
entire cohort was 60%. Patients with SVT and active
malignancy had much lower survival than those without
active malignancy (36% vs 69%, respectively; P<0.001).
Multivariate analysis revealed that active cancer (HR, 2.23;
95% CI, 1.78 –2.78;P< 0.001), and myeloproliferative
disorder (HR, 1.92; 95% CI, 1.41–2.61; P< 0.001) were
independent predictors of mortality. The lower survival in
patients with PVT could be related to the high incidence
of malignancies as, the etiological factor in this group
(31%).
1.

Mechanisms of thrombosis and risk factors for SVT
in cancer patients:
Complex interaction between three key elements- stasis,
hyper-coagulable conditions and endothelial injury;
popularly known as Virchow’s triad, result in thrombogenesis. Risk factors for SVT are similar to those for VTE in
cancer patients and multiple factors may coexist in the
same patient. These can be cancer related, patient related
or treatment related. Common risk factors are surgery,
prolonged immobilization; indwelling central catheters;
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chemotherapy drugs including newer anti-angiogenic
targeted therapies along with the hyper-coagulable state
induced by tumour cells. Once SVT is diagnosed, evaluating
for thrombophilia or testing for PNH or the JAK2 gene
mutation may also be considered.
2. Portal vein thrombosis (PVT):
PVT is commonly seen in patients with cirrhosis of the liver
or invasion by hepatocellular carcinoma (HCC). The clinical
features of PVT depend on the speed and extent of
thrombosis and accordingly PVT is classified as acute or
chronic.
Clinical features:
Acute PVT involves recent thrombus formation within the
portal vein or its main branches. In the absence of
recanalization, the venous lumen is obliterated in chronic
PVT and collaterals develop, resulting in the formation of
a portal cavernoma.


Acute PVT: Patients can present with abdominal pain,
nausea, fever and diarrhea. There may be features of bowel
ischemia, if the superior mesenteric vein (SMV) is also
involved. It can also be asymptomatic and incidentally
diagnosed on imaging done for other indication. Features
suggestive of portal hypertension (PHT) are generally
absent.
Chronic PVT: Chronic PVT can also be asymptomatic and
incidentally diagnosed on imaging. Symptomatic chronic
PVT presents with symptoms related to PHT
(splenomegaly, ascites etc. ) or PHT-related complications
(variceal bleeding, portal cholangiopathy). As with acute
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PVT, patients may develop intestinal ischemia and
infarction, if the thrombus extends into the SMV.
Esophago-gastric varices are frequent and variceal bleeding
is the commonest presentation.
Portal cholangiopathy is common in patients with chronic
PVT and results from compression of the bile ducts by the
periportal venous collaterals in patients with a cavernoma.
Ischemic biliary strictures may also develop due to
compromised blood supply. 50-80% patients with portal
cholangiopathy are asymptomatic. Others may present
with jaundice, pruritus, or biliary pain and cholangitis.

Investigations:
Acute PVT: Liver function tests may be normal or can show
mild abnormalities and are non-diagnostic in acute PVT.
Abdominal ultrasound with color Doppler (D-USG) is
diagnostic. Findings include dilatation of the portal vein
(PV diameter >13-15 mm) and its tributaries with
hyperechoic material within the PV, loss of phasic variation
in PV diameter during respiration and part or complete
absence of flow in the vessel lumen on doppler. Overall
sensitivity and specificity for detection of PVT are 89% and
92%. If the diagnosis is uncertain on D-USG, a triple phase
contrast CT or MRI venography or angiography can be
obtained.

A CECT may show non enhancing filling defect in the lumen
of the PV. Contrast-enhanced imaging differentiates the
thrombus from the vessel wall. On MRI angiography PVT
appears as a filling defect partially or completely occluding
the vessel lumen in the portal venous phase. A CT or MRI
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can also diagnose coexistent bowel ischemia or infarction
or other predisposing conditions like cirrhosis and HCC.
Chronic PVT: D-USG is diagnostic with findings similar to
those described above. Multiple tortuous vessels
(periportal collaterals) can be seen causing a cavernoma.
The cavernoma is seen on CT or MRI as multiple
intertwined veins in the porta hepatis and the
hepatoduodenal ligament. MRI is very sensitive and
specific for detecting PVT.
Bland vs. malignant PVT: A bland PVT should be
differentiated from a malignant PVT commonly seen in HCC
as malignant PVT is a contraindication for curative intent
treatments like liver transplant. Expansion of the involved
vessel (diameter ≥1.8 cm for main PV) or enhancement
on dynamic CECT and MR images during arterial phase of
contrast injection or disruption of the vessel walls is
suggestive of a malignant PVT. Biopsy of the thrombus may
be considered in case of diagnostic uncertainity.
Treatment
There are no specific recommendations for treatment of
PVT in patients with cancer; hence, the routine
recommendations for treatment of PVT are followed.


Acute PVT: The aims of therapy in patients with acute PVT
are prevention of thrombus extension and achieving portal
vein recanalization.
Anticoagulation: In the absence of major
contraindications, anticoagulation with low molecular
weight heparin (LWMH) should be started at earliest.
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LMWH is preferred over unfractionated heparin due to its
once daily dosing, low incidence of heparin induced
thrombocytopenia (HIT) and lack of need for monitoring.
LMWH can be changed to an oral anticoagulant (Warfarin
or directly acting oral anticoagulant-DOAC) after
stabilization, with target INR between 2-3 for long term
anticoagulation. Anticoagulation is generally
recommended for 3-6 months, but, can be longer in
patients with cancer due to persistence of underlying prothrombotic state which predicts recurrence of thrombosis
or in patients with thrombus extension into the mesenteric
veins. Anticoagulation leads to recanalization of the PV in
upto 39 % of cases.
Thrombolysis or thrombectomy: should be attempted in
specialized centers only. Recanalization rates are similar
to those seen with anticoagulation alone and significant
procedure related bleeding can occur in 50% cases. Balloon
angioplasty and stent placement have been attempted
recently with promising results.
A CT scan should be repeated at 6-12 months after starting
anticoagulation to assess recanalization. Recanalization
occurs in approximately half the patients after 6 months.
55% patients not achieving recanalization develop
gastroesophageal varices and bleeding can occur in 12%
hence a gastroscopy is indicated in this subgroup. 30% of
patients without recanalization can develop portal
biliopathy.
Chronic PVT:
Anticoagulation: The role of anticoagulation is unclear in
patients with chronic PVT due to lack of prospective
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studies. Anticoagulation can prevent thrombus extension
or recurrent thrombosis. The potential benefits of
anticoagulation must be weighed against the risk of
bleeding. Retrospective studies have shown long-term
anticoagulation to reduce the risk of recurrent thrombosis
without increasing risk of bleeding, where prophylaxis for
bleeding was routinely performed. LMWH may be
preferred over warfarin due to its shorter duration of action
and less requirement for monitoring.
Treatment for portal hypertension (PHT) related
complications: should be as per the recommendations for
patients with cirrhosis. Gastrointestinal bleeding is the
most frequent complication related to PHT. Patients with
chronic PVT should be screened for esophago-gastric
varices especially before planning anticoagulation. Beta
blockers can reduce the bleeding risk in patients with large
varices. Endoscopic band ligation or sclerotherapy is the
standard treatment for variceal bleeding. Surgical shunts
and trans-jugular intrahepatic portosystemic shunt (TIPSS)
are other possible salvage options in well selected cases.
Portal cavernoma cholangiopathy/ portal biliopathy: An
MR cholangiography (MRCP) may be required in patients
with persisting cholestasis or biliary tract abnormalities
suggestive of portal biliopathy. Asymptomatic patients with
only biochemical abnormalities can be observed. Biliary
strictures and stones are treated endoscopically with stone
removal and stent placement. An important risk of
endoscopic treatment is haemobilia from ruptured intrabiliary varices. In case of failure of endoscopic therapy,
patients should be assessed with MR venography to see
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venous anatomy and if a shuntable vein is seen, surgical
shunt can be considered.
1. Mesenteric vein thrombosis (MVT):
Isolated MVT without PVT or splenic vein thrombosis
(SpVT) is rare. A population based study showed the
presence of cancer in 24% patients with MVT. Intraabdominal tumours carry a higher risk of thrombosis as
compared to extra-abdominal tumours even if they do not
invade the vessel wall directly. MVT can have an acute,
subacute or chronic presentation.
Clinical features:
The location, extent and rapidity of thrombosis determine
the severity of intestinal involvement. The anatomic site
of involvement in acute MVT is most often ileum (64-83%),
jejunum (50-81%), colon (14%) or duodenum (4-8%). The
inferior mesenteric venous distribution is less commonly
involved than the superior. Acute MVT results in reduced
bowel perfusion and bowel wall oedema due to
engorgement, which in extreme situations can lead to
bowel ischemia and infarction. Coexistent arterial
vasospasm can worsen intestinal ischemia and chances of
infarction. Chronic MVT often results in venous collateral
formation with the risk of bleeding due to concurrent PVT
or SpVT in many patients.


Acute MVT- is characterised by colicky, periumbilical
abdominal pain along with nonspecific symptoms like
nausea and vomiting. The symptoms are frequently out
of proportion to the abdominal findings on physical
examination, which are mostly absent. If bowel distention
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progresses, bowel ischemia can occur and peritoneal signs
can develop. Clinical features suggestive of transmural
intestinal ischemia or infarction include persistence of
severe pain beyond 5-7 days, bloody diarrhoea, ascites,
acidosis and renal or respiratory dysfunction. Signs of
peritonitis like rebound tenderness and guarding can be
present in 15-70%. No sign or symptom is specific for acute
MVT and a high index of suspicion is required.
Subacute MVT- Subacute MVT occurs when acute
mesenteric vein occlusion is compensated by collaterals.
The presentation is insidious, with symptoms present for
days to weeks before diagnosis. Nonspecific abdominal
pain may be the only feature. Some of the subacute cases
may develop acute intestinal infarction, while others may
move on to chronicity.
Chronic MVT- Chronic MVT accounts for 24–40% of cases
of MVT. Patients are frequently asymptomatic with the
diagnosis made incidentally on imaging performed for
some other reason. Chronic MVT is characterised by
venous collaterals which prevent infarction but can cause
bleeding due to elevated venous pressures. Thus,
symptomatic patients present with complications of PHT
like bleeding or ascites. The bleeding is generally from
esophago-gastric varices, due to coexistent PVT or SpVT
or rarely, from ectopic varices.
Diagnosis–
Plain abdominal radiographs are relatively nonspecific and
a normal x-ray does not exclude acute mesenteric ischemia
(AMI). Ideally, this should show no abnormalities, if an early
diagnosis is to be made. Findings may be present once
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bowel ischemia or infarction occur. Features suggestive of
AMI could be presence of ileus with distended bowel loops
and bowel wall thickening, and/or pneumatosis
intestinalis.
A CECT of the abdomen with portal venous phase contrast
is >90% sensitive and specific to diagnose MVT. MR
venography has been reported to have 100% sensitivity
and specificity for the diagnosis of acute or chronic MVT
in some studies but a CT scan is faster, widely available
and generally preferred. Imaging features on CT scan in
MVT include a sharply defined, enhancing venous wall and
a central low attenuation that represents the thrombus.
There may be venous filling defects or absent flow in the
mesenteric veins during the venous phase. Bowel wall
thickening > 3 mm with indistinct wall margins, abnormal
enhancement patterns, distended lumen, thickened or
hazy mesentery and pneumatosis intestinalis are all
suggestive of intestinal ischemia. If there is a strong clinical
suspicion of MVT and a non-diagnostic CT scan, then an
MR angiography or a conventional catheter based
angiography should be performed.
Conventional selective mesenteric angiography is
considered the gold standard. Findings on angiography
include late filling of the SMV, thrombus in the SMV with
partial or complete obstruction, failure of arterial arcades
to empty normally, reflux of contrast back into the arterial
system, arterial spasm, and a prolonged vascular blush.
Angiography not only diagnoses AMI and its cause, but
also provides a ‘‘roadmap’’ for revascularization
procedures and access for both intra-arterial vasodilator
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therapy and serial postoperative angiographic studies. The
reasons for lack of widespread use include availability,
difficulty in performing angiography in critically ill patients
and the likelihood of negative results early in the course
of the disease.
D-USG is widely available, rapidly performed and noninvasive. It allows direct real-time evaluation of the
mesenteric veins and provides flow information of the
visceral vessels; however, visualization of mesenteric veins
is often hampered by poor acoustic window due to the
overlying bowel gases. It therefore has good specificity
(100%) but poor sensitivity (70–90%) for MVT.

Treatment of MVT:
Medical management of acute and subacute MVT includes
supportive measures and anticoagulation while monitoring
for signs of clinical deterioration. Surgical exploration is
advised in patients with definite signs of bowel infarction.
Treatment for chronic MVT includes management of
complications of PHT like variceal bleeding or ascites.

Anticoagulation:
All patients with acute and subacute MVT should be started
on anticoagulation at the earliest, so as to limit thrombus
propagation and promote recanalization. Patients can be
started on LMWH initially and shifted to oral anticoagulants
after stabilization. Anticoagulation with heparin reduces
recurrent thrombosis after resection (14 vs. 26% in one
study;44 vs. 19% in another) and also reduces the mortality
when recurrence does occur (22% versus 59%). Treatment
duration, like that for any other SVT is at least 3-6 months
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but can be even lifelong in patients with cancer due to
persistence of underlying pro-thrombotic state.
Anticoagulation may also benefit patients with chronic
MVT by preventing recurrent thrombosis. A potential risk
of bleeding exists in these patients. Bleeding rates among
patients treated with anticoagulation is low at less than
10%, with gastrointestinal bleeding due to varices being
the commonest. Anticoagulation can be given for patients
with chronic MVT, including those with variceal bleeding
if the patient has received treatment for the bleed and
has stabilized. Treatment with beta-blockers and
anticoagulation appears to improve outcomes in chronic
MVT.
Recanalization and recurrence rates following
anticoagulation in MVT:
A retrospective study, showed a high rate of complete or
partial recanalization of the portal or mesenteric veins in
patients given early anticoagulation (38/42 patients vs.
none in those not anticoagulated) over a mean follow-up
time of 5 months. Complete recanalization was achieved
more frequently when thrombosis involved only the portal
vein or the SMV than when it was more extensive.
Recurrence rates may be as low as 0-3% in patients who
continue to receive anticoagulation.



Supportive measures:
Patients with an acute presentation should receive pain
control, bowel rest, and fluids/electrolyte replacement.
Patients with abdominal distention, ileus, and severe
intractable nausea or vomiting may need nasogastric
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aspiration. Sepsis due to bacterial translocation from bowel
infarction should be treated with broad spectrum
antibiotics. Hemogram, electrolytes, bicarbonates and
lactate should be monitored in addition to clinical
monitoring. Patient should be periodically reassessed for
appearance of peritoneal signs suggestive of ischemia or
infarction which will warrant surgical exploration. Repeat
CT scan can be performed at 24-48hrs. to exclude signs of
transmural necrosis.
Abdominal exploration:
Patients with peritoneal signs or impending infarction
require immediate surgical exploration with intra-op
assessment of bowel viability and resection of grossly
unviable, infarcted bowel. A primary anastomosis is
recommended with an attempt at maximum possible
bowel conservation so as to avoid short bowel syndrome.
Bowel viability at surgery can be determined by visual
inspection, D-USG, or fluorescein infusion, with fluorescein
infusion being the most accurate. If bowel viability is
uncertain, a second look surgery is recommended at 2448 hours.



Intra-arterial vasodilators:
Such as Papaverine, can be used to minimize the associated
arterial vasospasm in MVT in selected cases.

Thrombolysis and mechanical thrombectomy:
Thrombolysis (using agents like streptokinase, urokinase
or tissue plasminogen activator) or a mechanical
thrombectomy have also been described in MVT although

129

not widely used. The available evidence is mainly in the
form of case series and reports and these procedures
should only be performed in well-selected patients with
inadequate response to anticoagulation in centers where
technical expertise is available.
Bleeding in chronic SVT:
This is generally due to varices and should be managed
like a variceal bleed in a cirrhotic patient with beta blockers,
endotherapy and supportive treatment.


2. Hepatic vein thrombosis:
‘Budd-Chiari syndrome’ denotes ‘hepatic venous outflow
tract obstruction’, independent of the level or mechanism
of obstruction with the exceptions of cardiac and
pericardial diseases and sinusoidal obstruction syndrome.
The obstruction can be at the level of the hepatic venules,
the large hepatic veins, the inferior vena cava, or the right
atrium. Here, we restrict discussion to hepatic vein
thrombosis (HVT) subgroup of BCS.
BCS can be primary (primarily disease of the veins –
thrombosis or phlebitis in the absence of compression or
invasion) or secondary caused by compression or invasion
of hepatic veins commonly by tumours like HCC, primary
hepatic hemangiosarcoma or epithelioid hemangioendothelioma. Pro-thrombotic risk factors are implicated
in primary BCS and overall, an underlying risk factor for
thrombosis is found in up to 87% of patients with BCS with
multiple factors found in 25%.
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Clinical features:
Based on symptom onset and severity BCS can have a
fulminant, acute, subacute or chronic presentation. Up to
20% of patients with BCS may be asymptomatic due to
large hepatic venous collaterals. Abdominal pain,
hepatomegaly, and ascites are the characteristic features
of patients with symptomatic BCS.


Fulminant liver failure:
Can be seen in upto 5% of patients. It is characterized by
acute liver injury with elevated transaminases and
coagulopathy. Patients can develop jaundice and hepatic
encephalopathy within eight weeks of the development
of jaundice.



Acute:
About 20% patients present with acute BCS wherein
symptoms develop rapidly over weeks. Patients present
with fever, abdominal pain, ascites and pedal edema with
or without jaundice. The ascites in BCS is mostly a high
serum ascites albumin gradient (SAAG) and high protein
ascites.

Subacute:
This is the commonest presentation with an insidious onset
over months. Ascites and hepatic necrosis is minimal due
to decompression of the sinusoids by portal and hepatic
venous collaterals.

Chronic:
Patients present with complications of cirrhosis and PHT
like splenomegaly and ascites. Spider nevi, palmar
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erythema, hepatomegaly and abdominal pain may be
present but encephalopathy is uncommon. Marked
dilation of subcutaneous veins on the trunk may be seen
with IVC block.
Diagnosis of BCSDoppler-ultrasound: Although X ray venography is the gold
standard for assessment of the hepatic veins, BCS is
commonly diagnosed on D-USG by an experienced
examiner. D-USG correlates well with pathological
examination and direct or retrograde venography. It also
rules out concurrent PVT. D-USG findings specific for
hepatic vein obstruction are: a large hepatic vein with
absent, reversed, or turbulent flow signal, large
intrahepatic or subcapsular collaterals with continuous
flow, a spider-web appearance in the vicinity of hepatic
vein ostia, along with the absence of a normal hepatic vein,
an absent or flat hepatic vein wave form without fluttering
and a hyperechoic cord replacing a normal vein. D-USG
has a diagnostic sensitivity of >75% and is the first line
investigation.
Cross-sectional imaging: CT or MRI can confirm the
diagnosis if a D-USG is not available and can also help plan
treatment. CT scan features suggestive of BCS are- a
delayed or absent filling of the three major hepatic veins
(which should be visible within 40-60 seconds after rapid
IV contrast injection), a patchy, flea-bitten appearance of
the liver (due to increased central contrast enhancement
relative to the periphery), rapid clearance of contrast from
the caudate lobe and narrowing and/or lack of
opacification of the IVC. Other CT features include caudate
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lobe hypertrophy (in 75%) and macro-regenerative nodules
(enhancing at the arterial phase of contrast injection) in
patients with longstanding BCS. Specific MRI sequences
with IV gadolinium injection allows visualization of
obstructed Hepatic veins and IVC, intrahepatic or
subcapsular collaterals, as well as spider web network
pattern.
X-ray venography: is recommended only in cases of
diagnostic uncertainty or for pre-treatment
characterization of the anatomy. A liver biopsy should be
performed only when an obstructed hepatic venous
outflow tract has not been demonstrated with noninvasive imaging.
Management of Budd-Chiari syndrome:
For primary BCS, the underlying risk factors for thrombosis
must be treated. For most of the risk factors, apart from
myeloproliferative disorders, the only available treatment
is anticoagulation. A stepwise escalation towards invasive
treatments like angioplasty or stenting can be considered
depending on the clinical situation and response to
previous therapy. Patients with BCS with ascites and varices
should be treated as per the standard recommendations
in cirrhosis.


Anticoagulation:
In the absence of major contraindications, anticoagulation
should be started immediately and for an indefinite
duration in patients with a permanent risk factor so as to
prevent clot extension and recurrent thrombosis.
Treatment can be started with LMWH for 5-7days and
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continued with oral anticoagulants like warfarin with a
target INR between 2-3. In a long term follow up study of
patients with BCS who received anticoagulation, 17% had
bleeding complications. Portal hypertensive bleeding,
when adequately treated is not a contraindication for
anticoagulation.

Thrombolysis:
The experience with thrombolysis is limited. Local and early
infusion of a thrombolytic agent combined with
angioplasty or stenting may have good results, however
with the possibility of fatal complications.

Angioplasty and stenting:
Partial/ segmental stenosis is noted in 25-30% patients
with hepatic venous obstruction. Angioplasty with or
without a stent placement can restore the flow in these
patients, according to limited data available. A concomitant
stent placement helps reduce post-angioplasty restenosis
which is not infrequent. Stent migration can be potentially
troublesome and may compromise the subsequent
performance of a transjugular intrahepatic portosystemic
shunt (TIPS) or liver transplantation.



TIPS or surgical portosystemic shunts:
These are considered in patients who fail to respond to
medical therapy or are not suitable for angioplasty/
stenting. It may also help palliate ascites, elevated bilirubin
and variceal bleeding. The commonest surgical shunt in
HV thrombosis is the meso-caval shunt. Surgical shunts
may have a survival advantage only in selected patients
with BCS. Surgery is associated with high mortality (upto

134

25%) especially in patients with severe BCS, and also with
a high rate of shunt dysfunction or thrombosis (upto 30%).
TIPSS using PTFE-covered stents is feasible in most patients,
has lower morbidity and mortality and can also be used as
a bridge to transplantation. There is a good control of
ascites and rapid improvement in general condition and
in liver function of patients following TIPSS. Most series
of TIPSS in BCS show >80% technical success rates, 9% onemonth mortality and 55% dysfunction rates at a median
24 months follow up.

Liver transplant:
Some cases of severe BCS may need liver transplant as
salvage treatment which may be associated with a survival
benefit. However, active malignancy is generally a
contraindication for liver transplantation and hence this
may not be an option in patients with cancer.

Conclusion:
SVT is an unusual manifestation of cancer associated
thrombosis. Multi-segmental disease and presence of
malignancy are associated with poorer outcomes in SVT.
The clinical presentation is heterogeneous ranging from
incidentally diagnosed, asymptomatic patients to
fulminant or acute presentation evolving over days to
chronic presentation evolving slowly and manifesting with
complications of PHT. There may be multiple prothrombotic risk factors in each patient which should be
sought and treated wherever indicated. D-USG is the
investigation of choice and MRI/CT are used for diagnostic
confirmation or extension assessment or problem solving.
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Anticoagulation is the mainstay of treatment in acute
symptomatic SVT and few selected patients with chronic
SVT. The duration should be tailored as per the status of
the cancer treatment. The optimal treatment of patients
with incidentally detected SVT is uncertain.
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8ii. Management of Cerebral Venous
Thrombosis in cancer patients

Thrombosis of the dural sinus and/or cerebral veins
(cerebral venous thrombosis, CVT) is a rare form of VTE
that mainly affects young and middle-aged adults and is a
relatively rare cause of stroke. Due to the widespread use
of MRI and rising clinical awareness, CVT is recognized with
increasing frequency. In addition, it is now known to have
a more varied clinical spectrum than previously realized.
Risk factors for CVT partly overlap with those for leg vein
thrombosis and pulmonary embolism. In addition risk
factors, such as head injury, physical precipitants (lumbar
puncture, head and neck surgery and ear infections, are
specific for CVT. Malignancy predisposes to cerebral
venous thrombosis (CVT) due to its hypercoagulable state.
Data from cohort studies suggest that around 7% of
patients with CVT have a history of cancer at the time of
CVT diagnosis. Cerebral venous thrombosis has been
reported to be associated with various cancers like
squamous cell cervical cancer, haematological
malignancies, and breast cancer . Potential mechanisms
for an association of cancer with cerebral venous
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thrombosis (CVT) include direct tumor compression, tumor
invasion of cerebral sinuses, the hypercoagulable state
associated with cancer, or the chemotherapeutic side
effects .

Pathophysiology
Thrombosis of cerebral veins or dural sinus obstructs blood
drainage from brain tissue, leading to cerebral
parenchymal lesions or dysfunction, due to increased
venous and capillary pressure with disruption of the bloodbrain barrier. Blood-brain barrier disruption, causes
vasogenic edema, with leakage of blood plasma into the
interstitial space and localized cerebral edema and venous
hemorrhage may occur due to venous or capillary rupture.
The increased intravenous pressure may lead to an increase
in intravascular pressure and a lowering of cerebral
perfusion pressure, resulting in decreased cerebral blood
flow, failure of energy metabolism and cytotoxic edema.
Venous infarction and hemorrhage may be confluent.
Advances in understanding the pathophysiology of venous
occlusion have been aided by the use of diffusion-weighted
MRI and perfusion-weighted MRI which have
demonstrated the coexistence of both cytotoxic and
vasogenic edema in patients with CVT.

Clinical presentation
Cerebral venous thrombosis has a wide spectrum of clinical
manifestations and modes of onset that may mimic many
other neurological disorders and lead to frequent
misdiagnosis and delay in treatment. The onset can be
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acute, subacute, or chronic. Approximately 80% of CVT
cases have an acute to subacute onset.
The clinical symptoms and signs in CVT depend upon
several factors, including patient age and sex, the site and
number of occluded sinuses and veins, the presence of
parenchymal brain lesions, and the interval from CVT onset
to presentation. These can be grouped into three major
syndromes namely Isolated intracranial hypertension
syndrome (headache with or without vomiting,
papilledema, and visual problems), Focal syndrome (focal
deficits, seizures, or both) and encephalopathy (multifocal
signs, mental status changes, stupor, or coma) .

Diagnosis
In patients with suspected CVT an urgent neuroimaging
with brain MRI and magnetic resonance (MR) venography,
or with cranial CT with CT venography if MRI is not an
option should be done.
The combination of an abnormal signal in a venous sinus
on brain MRI and the corresponding absence of flow on
magnetic resonance (MR) venography confirms the
diagnosis of CVT. CT scan of head is normal in up to 30
percent of CVT cases, and most of the findings with CVT
are nonspecific. CT venography is a useful alternative to
MR venography.
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Imaging Modality

Features

MRI/MRV Brain

- MRI in combination with time-of-flight
or contrast enhanced MR venography
(MRV) is highly sensitive for the
diagnosis CVT.
- Abnormal T1 and/T2 signal within the
venous sinus and absence of normal
flow through the venous sinus on MRV
confirms the diagnosis
- Age of the thrombus determines T1 and
T2 signal characteristics

CT venography
Brain

- Sensitivity of 95% compared with digital
subtraction angiography, widely
available, quick
- Less expensive than MRI
- Less invasive than conventional
angiography
- Provides good visualization of the major
venous sinuses
- Suboptimal for thrombosis in deep
venous structures and cortical veins
- Radiation exposure and administration
of intravenous contrast

Catheter
angiography

Digital Subtraction angiography may be
necessary for:
- when the clinical suspicion for CVT is
high but CT venography or MR
venography are inconclusive.
- rare suspected cases of isolated cortical
vein thrombosis
- Diagnosis and characterization of dural
arteriovenous fistula associated with a
CVT
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Imaging Modality

Features

CT Head

- Non-contrast head CT may be normal
- Cannot exclude a diagnosis of CVT
- Suspicious findings include:
Cerebral edema
Bilateral infarction
Infarction in a non-arterial distribution
Lobar intracerebral or subarachnoid
hemorrhage
Hyperdense thrombosed cortical veins
(cord sign)
Hyperdensities within the venous sinuses
(dense triangle sign)
Empty delta sign

Routine blood
studies

Complete blood count, biochemistry
panel, prothrombin time, and activated
partial thromboplastin (AHA statement
2011, Class I; Level of Evidence C).

Screening for
thrombophilia

Done for patients with CVT who have a high
pretest probability for severe thrombophilia,
(personal and/or family history of venous
thrombosis, CVT at a young age, and CVT in
the absence of a transient or permanent
risk factor)

Treatment
In the 1990s, three small randomized trials demonstrated
the effectiveness of heparin in treatment of CVT . Initial
anticoagulation with adjusted-dose UFH or weight-based
LMWH in full anticoagulant doses is reasonable, followed
by vitamin K antagonists, regardless of the presence of
ICH(AHA, Class IIA, LOE B). The immediate goals of
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anticoagulant (AC) therapy are to recanalize the occluded
sinus, prevent propagation of the thrombus and to treat
the underlying prothrombotic state . Anticoagulants with
a shorter half-life (UFH or LMWH) should be administered
over the first days of therapy and the introduction of oral
anticoagulants should be postponed until the patient is
clinically stable and the neuro-radiological picture
improves.
There are no specific recommendations for treatment of
cerebral venous thrombosis in patients with cancer hence
the routine recommendations for treatment of cerebral
venous thrombosis are followed.
European Stroke Organization guideline for the diagnosis and
treatment of cerebral venous thrombosis – endorsed by the European
Academy of Neurology (European Journal of Neurology 2017)
Recommendation

Quality of Strength of
evidence recommendation

Anticoagulation-Recommend treating
adult patients with acute CVT with
heparin at therapeutic dosage.
This recommendation also applies to
patients with an intracerebral
hemorrhage at baseline

Moderate Strong

LMWH vs UFH in acute CVT -Suggest
Low
treating patients with acute CVT with
LMWH instead of UFH.
This recommendation does not apply to
patients with a contraindication for
LMWH (e. g. renal insufficiency) or
situations where fast reversal of the
anticoagulant effect is required
(e. g. patients who have to undergo
neurosurgical intervention)

Weak
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Recommendation

Quality of Strength of
evidence recommendation

Thrombolysis-Cannot provide a
Very low
recommendation on thrombolysis
for CVT.
Good clinical practise- suggest not using
thrombolysis in patients with acute CVT
with a pretreatment low risk of poor
outcome

Inconclusive

Duration of anticoagulation-Suggest
using oral anticoagulants (vitamin K
antagonists) for a variable period
(3–12 months) after CVT to prevent
recurrent CVT and other venous
thromboembolic events.
Good clinical practise- Patients with
recurrent venous thrombosis or
with an associated prothrombotic
condition with a high thrombotic risk
may need permanent anticoagulation

Very low

Weak

Direct oral anticoagulants- Do not
recommend using direct oral
anticoagulants (factor Xa or thrombin
inhibitors) for the treatment of CVT

Very low

weak

Therapeutic LP-No specific
Very Low
recommendation can be made
regarding therapy with therapeutic LP to
improve outcome in patients with CVT
and signs of intracranial hypertension.

Inconclusive

Acetazolamide- Not recommended
using acetazolamide for patients with
acute CVT, to prevent death or to
improve functional outcome

Inconclusive
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Very Low

Recommendation

Quality of Strength of
evidence recommendation

Steroids-Not recommended using
steroids in patients with acute CVT to
prevent death or improve functional
outcome. (except inflammatory
diseases like behcets, etc)

Low

Weak

Shunt-No recommendation can be
Very Low
made for the use of shunting to prevent
death or improve outcome for patients
with acute or recent CVT and
hydrocephalus.

Inconclusive

Decompressive surgery - To recommend Low
using decompressive surgery for patients
with acute CVT and parenchymal
lesion(s) with impending herniation to
prevent death.

Strong

Anti epileptic drugs - suggest using
antiepileptic drugs in patients with
acute CVT with supratentorial lesions
and seizures to prevent early
recurrent seizures.

Low

Weak

Anti epileptic drugs –
no recommendations can be made for
the prevention of remote seizures

Very weak Inconclusive

Prognosis
Over time, mortality in CVT has significantly decreased,
and possible explanations include improvements in
treatment, a shift in risk factors, and, most importantly,
an increase in the number of mild cases that are confirmed
using improved diagnostic technologies. About 85% of
patients with CVT survive and the majority of survivors
have an excellent long-term outcome .
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CVT risk score
2 points each

Coma on admission
Presence of malignancy
Thrombosis involving the deep venous system
Mental status disturbance on admission

1 point each

Male gender
Intracranial hemorrhage on admission

A CVT risk score ≥3 was associated with a poor outcome
(dependency or death), with a high sensitivity but poor
specificity (96 and 14 percent, respectively).
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9. Management of catheter related
venous thrombosis in patients
with cancer

Indwelling central venous catheters(CVC’s) or peripherally
inserted central catheters (PICC) are inevitable
paraphernalia in systemic cancer chemotherapy delivery.
The presence of thromboembolism changes the course of
malignancy.
In this chapter, we cover the management of cancer related
thrombosis and the related guidelines. With the increasing
use of central venous catheters, especially of PICC, the
incidence of venous thrombosis is also on the rise.
Thrombotic complications may occur with indwelling
catheters in upto 5% for symptomatic events, but the
presence of an underlying malignancy increases the
risk(Kamphuisen et al). Of all the episodes of venous
thromboembolism (VTE), 20% occur in cancer patients, out
of which 20% will have related symptoms. At autopsy, half
of the cancer patients have evidence of VTE (Lee Ay etal).
VTE is the second leading cause of death in cancer
(9% deaths).
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Risk Factors:
The basic risk factors could be linked to the Virchow’s Triad
of endothelial damage, stasis and hypercoagulability.
Underlying malignancy induces a pro-thrombotic state by
production of pro-coagulants by tumor cells, suppression
of fibrinolytic activity and by platelet activation.
Chemotherapy by itself induces endothelial cell activation
leading to increased tissue factor TF (transmembrane
glycoprotein), which acts as a procoagulant.
Table 1: Risk Factors for Catheter Related Thrombosis
FACTOR

VARIABLE

EFFECT

HOST
FACTOR
(PATIENT)

HYPERCOAGULABLE
STATES (malignancy,
sepsis, renal failure,
previous VTE)

Increased risk of
Catheter Related
Thrombus

Chemotherapy

TYPE OF
CATHETER

Cisplatin/5FU leads to
increased incidence
(upto 18% events) of
thromboembolism.

Malignancy related

Right lung involvement,
mediastinal
lymphadenopathycentral vein
compression &
thrombosis

PICC

Risk increases with size
and diameter

Closed and Opened end No increased risk
catheter
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FACTOR

VARIABLE

EFFECT

INSERTION

Location of tip above
the junction between
SVC and atrium

Increased risk

Left sided

Increased Risk

Femoral

Increased Risk

PROCEDURE Ultrasound guidance
Multiple attempts
at insertion

No increased risk
Increased Risk

What are the types of CVC used in cancer care?
Catheter
Type

Lumens

Duration Indication

PICC

1-3

>7days to Chemotherapy Weekly
few
delivery, blood dressing, Flushing
months
sampling
with Heparin,
Risk of infections

Implantable
Port
(Chemoport)
(Portacath)

Single
>1month Long term
lumen
to two
requirement of
with a
years
chemotherapy
rubber
e. g. :leukemia
diaphragm

4-6 weekly
flushing,
Surgical
procedure for
insertion, Costly

Tunnelled
Catheter

1-3

>1month Long term use
for chemotherapy and
parenteral use

Periodic catheter
care, high
complication
rates

Nontunnelled

2-4 lumen

Days - 3
weeks
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Limitation

Urgent critical Not routinely
care
used for
chemotherapy,
drug delivery

PICC are considered to have a higher rate of catheter
related thrombosis compared to other devices (5% to 15%
in hospitalised patients).
Studies have shown increased risk of thrombosis in PICC
lines as compared to CVC in critical care patients, 7. 7 in
1000 as compared to 4. 4 in 1000 catheter days
respectively(Bonizolli).
The common sites for thrombosis in CVC are internal
jugular vein and for PICC are brachial, axillary or subclavian
veins.

Symptoms:










Two-third of catheter-related thrombotic episodes are
asymptomatic.
Symptoms include arm and neck swelling and
discomfort along the course of the vein.
Jaw or shoulder pain
Headache/heaviness of head
Local inflammation/phlebitis
Redness of the affected extremity.
Difficulty in infusion/aspiration - 14 %to 36% (In
patients in whom there is difficulty in aspiration or
infusion, think of mechanical obstruction,
malpositioning, fibrin plugs, intraluminal clot, mural
thrombus)

Diagnosis:


Duplex Ultrasound - initial imaging modality
(Sensitivity-80%)
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Contrast venography - gold standard
Linogram (contrast study)- uncommonly used
Empirical use of thrombolytic agent
D -Dimer assay is not validated, and hence not
recommended.

Prevention:
Steps must be taken to prevent catheter related thrombus.
Certain preventable risk factors e. g. location of insertion,
type of catheter and use of ultrasound guidance should
be considered as these minimise the risk of thrombosis.
Avoid CVC related infection /sepsis in cancer patients. If
catheter related infection develops, prompt screening for
catheter-related thrombosis with ultrasound, even in the
absence of other clinical features is warranted.
Current guidelines do not recommend routine prophylactic
anticoagulation for the prevention of catheter related
thrombosis(WARP trial/Cochrane review 2011).
Use of clinical prediction score:
-

Presence of catheter/ venous access device in
Subclavian or jugular (+1point);
Unilateral pitting edema(+1 point);
Presence of localised pain (+1 point);
An alternative diagnosis at least as plausible (minus
1 point).

Low probability score 0; upper extremity DVT risk 9 to 13%.
Intermediate probability score 1; prevalence is 20 to 38%.
High probability 2 to 3points; prevalence is 64 to 70 %.
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What is the ideal location/technique to place a PICC?
Guidelines recommend that a Central venous catheter/
PICC line should be on the right side, with tip located at
the junction of the SVC and the right atrium. (Debourdeau
et al).
Use of ultrasound guidance, choosing the appropriate vein
diameter (catheter to vein ratio - use the smallest diameter
catheter lumen - 4 Fr in the largest diameter vein) and use
of intracavitory electro-cardiographic monitoring ensures
correct position. If more than two lumens are required,
use of a CVC is advised.
Save the Line!
Before you decide to remove a catheter, find ways to
salvage the precious line.








Check for mechanical obstruction - kinks, tight
sutures, tip touching vessel wall
Malpositioned port - repositioning manoeuvres to be
done
Review the preparations administered through the
line: e. g. use specific total parenteral nutrition for
central line, lipid emulsions leave residue on the wall
- can be removed with 70% ethanol solution(Werlin
et al). Avoid incompatible medicines - check the drug
manuscripts.
Intraluminal clot/fibrin plugs - use thrombolytic agent
urokinase (reconstitute 10, 000 units/ml with 3 ml of
0.9% normal saline. The occluded lumen is instilled
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with 5000 units of urokinase and this is left for 2 hours
(Murray et al). Other agents included alteplase (2mg).
If the above measures fail, then remove the line. (See
subtopic line removal)
What are the complications of catheter related
thrombus?





Pulmonary embolism (6%) - rarely fatal, most serious
Loss of venous access (10%)
Infections
Post thrombotic syndromes

Treatment:
Treat local phlebitis with limb elevation, warm or cold
compress, non-steroidal anti-inflammatory agents.

Considerations before treating a catheter-related
thrombus - future need for the venous access, status
of the line, check for a prothrombotic state, any
contraindications to the anticoagulants.
For patients with malignancy, therapy consisting of
systemic anticoagulation with low molecular weight
heparin(LMWH) is recommended for a minimum of three
months. If the catheter is retained beyond three months
of completion of anticoagulant, prophylaxis is
recommended until line removal (Kearon C et al. ACCP
Evidence based clinical practice guidelines).


Monitor anti-factor Xa levels in patients with acute kidney
injury or renal dysfunction. In case of extensive thrombosis
and high bleeding risk, unfractionated heparin can be
considered.
154

In patients with thrombocytopenia, there should be close
monitoring of the platelet count and modification of
treatment based on severity of thrombocytopenia and risk
of bleeding. BSCH guidelines suggest platelet support to
allow full dose anticoagulation in patients at high risk of
recurrence.
Vitamin K antagonist: Warfarin is less preferred due to the
potential drug interactions and requirement for periodic
monitoring of INR levels. Meta-analyses have proved that
LMWH is better than vitamin K antagonists for long term
treatment (Cochrane Rev 2008 Aki EA et al)
The newer generation non - vitamin K antagonist oral
anticoagulants (NOAC’s) Factor Xa inhibitor (Rivaroxaban,
Apixaban, Edoxaban) or direct Factor IIa inhibitor
(dabigatran) are widely publicised for their efficacy. But
the data for use in cancer patients are limited (Eoin
Donnellan).
Although less used, inferior vena cava filters can be
considered if anticoagulation is contraindicated.

LINE REMOVAL:
Current recommendation states, that, if the catheter is still
required and functioning, it need not be removed,
provided the following criteria are fulfilled:
a)
b)
c)

the catheter is well positioned
the catheter is not infected
there is a decrease of symptoms on surveillance.
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Remove the line if not all the criteria are met, if
anticoagulation is contraindicated, if thrombosis is life
threatening or if symptoms persist (Debourdeau et al).
When do you insert a new line?
There is a fairly good consensus on when to remove a line,
however there is no evidence on when it is safe to insert a
new CVC. Weigh the risk of thrombosis versus the need to
insert a new line.

ALGORITHM:
The algorithm for management of catheter related
thrombosis is provided in Fig 1.

Summary
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Catheter related thrombosis is on the rise especially
with increasing use of PICC lines. VTE is the second
most common cause of mortality in cancer patients.













A venous duplex scan is highly sensitive and is the
imaging modality of choice for diagnosis.
Prevention of catheter related thrombosis is of utmost
importance. However there are limited data on the
role of prophylaxis with anticoagulants.
Insert CVC in the right side with the tip at the cavoatrial junction.
If catheter related thrombosis develops, removal of
the line may be considered, based on the requirement
of the line, its functional status, correct position and
evidence of infection.
A minimum of three months of anticoagulation is
warranted; low molecular weight heparin is the
preferred anticoagulant.
Dilemmas in treatment include patients with
thrombocytopenia regarding the safety of
anticoagulation, the choice of which catheter to be
used and paucity of data on sepsis thrombosis
relationship.
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10. Arterial Thrombosis in
cancer patients

While the association between venous thrombosis and
malignancy is well established, arterial thrombosis has
more recently been recognized as a serious complication
of cancer and certain chemotherapeutic agents. The
incidence of arterial thromboembolic events (ATEs) in
patients with cancer at 6 months is 4. 7%. The presence of
an ATE is predictive of worse outcomes. In patients without
cardiovascular risk factors an episode of arterial
thrombosis can be considered as a signal to screen for
occult malignancy.

Etiology and pathophysiology
Mechanism for acute arterial thrombosis can be
thrombotic or embolic, and both have different diagnostic
and treatment strategies.
The basic and the oldest pathophysiology for thrombosis
in cancer patients is that of Virchow, which has three
separate but overlapping parts: the contents of the blood,
the blood vessel wall, and blood flow. Patients with various
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malignancies have a prothrombotic and hypercoagulable
state demonstrating abnormalities in each component of
Virchow triad. Increased platelet reactivity appears crucial
to development of arterial thrombosis in cancer patients.
Risk factors for arterial thrombosis
Patient related factors age, history of thrombosis, comorbidities like obesity,
cardiovascular risk factors, history of tobacco use
Cancer related risk factors –
Type of cancer, extent of cancer, Hematologic disorders like
Leukemia, Myeloproliferative disorders, AL-amyloid (multiple
myeloma), Neurofibromatosis, Solid tumors,
Cancer Therapies - Chemotherapy, Radiation
Chemotherapeutic agents associated with specific arterial
ischemic events
L-Asparaginase Cerebrovascular reduces the levels of normal
accidents
hemostatic proteins,
especially fibrinogen,
antithrombin and
plasminogen. Reduced
synthesis of antithrombin III,
fibrinogen, and other
coagulation factors causes
both thrombotic and
hemorrhagic complications
associated with
L-asparaginase.
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Cisplatin

Cerebrovascular
accidents,
peripheral
arterial events,
aortic
thrombosis

causing endothelial
damage, activating platelets
and increasing monocyte
tissue factor activity

Fluorouracil

Coronary
vasospasmmediated
cardiac
ischemia

decrease protein C levels,
increase fibrinopeptide
A levels, endothelial
damage, endothelialindependent
vasoconstriction,
via protein kinase C.

Bevacizumab

Coronary
thrombosismediated
cardiac
ischemia,
cerebrovascular
accidents

Endothelial damage,
reduction of endothelial,
renewal capacity, exposure
of subendothelial collagen,
tissue factor activation and
overexpression of
proinflammatory
cyclooxygenase-2 and
E-selectin genes.

Gemcitabine-

Digital ischemia, Capable of coagulation
thrombotic
cascade activation and
microangiopathy possibly endothelial damage

Thalidomide-

Arterial
thrombosis
(rare)

blocking vascular endothelial
growth factor (VEGF) and
fibroblast growth factor
activity, decrease in
anticoagulant proteins and an
increase in platelet
aggregation and
procoagulants proteins
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Sorafenib /
Sunitinib

Myocardial
infarction,
cerebrovascular
accident

inhibit the vascular
endothelial growth factor
(VEGF) receptor, altering
endothelial cell function

Certain drugs such as platinum-based agents, vascular
endothelial growth factor inhibitors, tyrosine kinase
inhibitors, and taxanes have been associated with high
rates of ATEs.
Radiation therapy predispose patients to arterial
thromboembolic events
1) accelerated atherosclerosis
(depends on Radiation dose, technique, extent of
vasculature exposed and type of cancer)
2) oxidative stress
3) endothelial damage and fibrin deposition by
activating the coagulation cascade
4) accelerated transforming growth factor beta
(TGF-β)-mediated transformation of fibroblasts to
fibrocytes
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Supportive therapies related to arterial
thromboembolism
Erythropoetin (EPO) increased c-reactive protein activity, nitric
oxide and thrombin-activatable fibrinolysis
inhibitor (TAFI) as the causative factors for
EPO-related thrombosis.
Blood and blood
component
transfusion

inadvertent delivery of prothrombotic
mediators such as activated platelets,
platelet microparticles and sCD40L
increased circulating RBC mass and
consequent vascular stasis; vasoconstriction due to nitric oxide-depleted
RBCs and delivery of increased redoxactive iron, resulting in oxidative stress

Diagnosis
Based on the arterial bed and the organ involved clinical
presentation and management differs
Complete physical examination, Blood investigations, complete
blood count, basic metabolic panel, prothrombin time, partial
thromboplastin time and international normalized ratio
ECG, 2DECHO
Arterial Doppler of affected limb
Computed Tomographic angiography of the chest and abdomen
carotid Doppler performed in the setting of a suspected embolic
event involving the central nervous system or affecting the upper
extremities, respectively.

Management
Based on the arterial bed and the organ involved, the
management of arterial thrombosis will differ. The clinical
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spectrum includes stroke, myocardial infarction, and
visceral and limb ischemia.

Figure -1 Suggested algorithm for management of patients with
arterial thromboembolism.

In acute cases urgent intervention to reverse the ischemia
like percutaneous revascularization, embolectomy,
catheter-based thrombolysis or surgical bypass to minimize
the organ damage is advisable. Also to determine
underlying cause for acute thromboembolic event. If
patient already on chemotherapy, to discontinue
chemotherapy and initiate anticoagulation either with UFH
or low molecular weight heparin and to start antiplatelet
agents (if platelet count permits). Arteriography is to be
considered to decide further plan of treatment, if no
definite embolic cause can be found despite of doing the
above mentioned investigations. Further intervention
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Figure -2 Suggested algorithm for management of patients with
limb arterial thromboembolism
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either thrombolysis or embolectomy, with or without
bypass can be planned. Amputation may be necessary, if
the limb is not viable.
In acute Acute coronary syndrome - combination of antiischemic and antithrombotic agents, with coronary
reperfusion (blood flow restoration) by using fibrinolysis
and/or revascularization (PCI or CABG). Antiplatelet
(clopidogrel, ticagrelor, prasugrel) and anticoagulant
agents (Unfractionated heparin, low molecular weight
heparin, fondaparinux) are routinely used during the acute
phase of ACS treatment.
For lower extremity Peripheral Artery Disease (PAD), Acute
Limb Ischaemia (ALI) or Critical Limb Ischemia (CLI), revascularization is recommended, Endovascular procedures
like balloon dilation (angioplasty), stents and atherectomy,
Surgical bypass with autogenous or synthetic grafts.
Therapeutic interventions of potential benefit for arterial
ischemic events observed in the setting of malignancy
Hematologic disorders

Therapeutic intervention

Myeloproliferative
disorders

Aspirin (for primary and secondary
prevention)
Cell reduction therapy
(i. e. phlebotomy, hydroxyurea,
anagrelide, interferon alpha)

Acute leukemia

Leukapheresis, Chemotherapy
Surgical thromboembolectomy

Cardiac amyloidosis

Systemic anticoagulation

Neurofibromatosis

Percutaneous intervention,
Surgical repair
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NBTE (non-bacterial
Systemic anticoagulation
thrombotic endocarditis)
Paradoxical embolization Systemic anticoagulation
PFO (patent foramen ovale)
closure for recurrent events
Antiphospholipid
antibody syndrome

Systemic anticoagulation

Radiation therapy

Diet and lifestyle modifications,
Antiplatelet therapy, Statin therapy
Percutaneous angioplasty with or
without stenting

Low-flow states

Early goal-directed therapy for
shock reversal

Bevacizumab

Aspirin (for primary prevention in
patients > 65 years old or with a
history of cardiovascular events)

Summary
Cancer patients have an increased risk of arterial
thrombosis, that is, likely due to both a cancer-associated
procoagulant state as well as the adverse effects of certain
chemotherapeutic agents. Treatment of arterial
thromboembolism in cancer patients typically requires a
multidisciplinary approach in part due to high rates of
thrombocytopenia and stent thrombosis in the setting of
percutaneous interventions. More studies are needed to
investigate optimal prophylaxis, surveillance strategies,
and treatments of cancer-related arterial thromboembolic
disease.
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11. Drug interactions of newer oral
anticoagulants and
chemotherapeutic drugs

Introduction:
Dose adjustment of the NOACs (non-vitamin K oral
anticoagulants) may be needed to avert cases of
concomitant medication affecting NOACs absorption,
metabolism and coagulation.
P-glycoprotein efflux transporter and cytochrome
P450(CYP) are the main interaction mechanisms of NOACs
with other drugs.
Although the NOACs have significantly fewer drug-drug
interactions than VKAs (Vitamin K antagonist), drugs that
strongly affect the CYP3A4 enzyme and/or P-glycoprotein
can alter the plasma concentration of the NOACs and can
lead to significant change in their anticoagulant efficacy.
CYP3A4 is a member of the hepatic cytochrome P450
enzyme system and is responsible for oxidative
metabolism of both apixaban and rivaroxaban. In contrast,
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dabigatran etexilate, the prodrug, is metabolized by
esterases in the plasma and liver without significant
involvement of CYP3A4 . As substrates of CYP3A4,
rivaroxaban and apixaban are vulnerable to both inducers
and inhibitors of this enzyme when given concomitantly,
leading to potential increased toxicity or decreased efficacy.
P-glycoprotein belongs to ATP-binding cassette transporter
protein. Dabigatran etexilate and, to varying degrees,
rivaroxaban and apixaban, are substrates of P-glycoprotein
and are therefore susceptible to strong inhibitors or
inducers of this transporter.
The clinical effect of various drug interactions with the
NOACs is not well described . Recommendations are based
on FDA-approved drug labeling. Apixaban dose should be
reduced by half or its use avoided in patients taking a strong
dual inhibitor of CYP3A4 and P-glycoprotein, and use of
apixaban with a strong inducer of CYP3A4 and Pglycoprotein is not recommended. Dabigatran dose should
be reduced in patients with moderate renal impairment
taking a strong P-glycoprotein inhibitor and its use avoided
in patients with severe renal impairment taking a strong
P-glycoprotein inhibitor. Use of dabigatran with a strong
P-glycoprotein inducer is not recommended. Rivaroxaban
should be used with caution in patients with CrCl between
15 and 50 mL/min taking a weak or moderate dual inhibitor
of CYP3A4 and P-glycoprotein. Use of rivaroxaban with a
strong dual inhibitor or inducer of CYP3A4 and P-glycoprotein
is not recommended.
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Inhibitors
Azole antifungals

Protease Inhibitors

Ketoconazole
Itraconazole
Voriconazole
Posaconazole
Fluconazole

Ritonavir
Lopinavir/ritonavir
Indinavir/ritonavir

Immunosuppressive Other
drugs.
Cyclosporine
Clarithromycin
Tacrolimus
Conivapatan

Inducers
Anti-epilentic drugs Other
Phenytoin
Rifampin
Carbamazepine
St. John’s wort

Figure 1: Strong inhibitors and inducers of CYP3A4
and/or P-glycoprotein.

The European Medicines Agency recommendation is
against concomitant use of dabigatran with cyclosporine
and tacrolimus, which are strong P-glycoprotein inhibitors;
however, there are no published literature against their
use with rivaroxaban or apixaban.
Many anti-neoplastic drugs either induce or inhibit the
activity of CYP3A4, the P-glycoprotein transporter, or both.
Table 1 lists agents commonly used by oncologists and their
effects on CYP3A4 and P-glycoprotein.
Some of chemotherapeutic agents, interact with CYP3A4,
P-glycoprotein, or both. These include the antimitotic
microtubule inhibitors (e. g. , vinca alkaloids and taxanes),
tyrosine kinase inhibitors except erlotinib, gefitinib, and
sorafenib and the immune-modulating agents, including
glucocorticoids and mammalian target of rapamycin
(mTOR) inhibitors. But, none of the frequently used
antimetabolites, platinum-based agents, intercalating
agents, or monoclonal antibodies have significant
inhibitory or inducing effects on CYP3A4 or P-glycoprotein.
172

No clear class effect is noted with the topoisomerase
inhibitors, anthracyclines, alkylating agents, or anticancer
hormonal agents.
Aprepitant and fosaprepitant are neurokinin 1 receptor
antagonists that are used in many highly emetogenic
chemotherapy regimens, may cause either moderate
inhibition or moderate induction of CYP3A4 depending on
the duration of their use. Except some of the pain killers
like fentanyl, methadone, and acetaminophen, most other
supportive care agents have few drug interactions
potential.
Strong and moderate modulators of the CYP3A4 enzyme,
those that also interact with P-glycoprotein—carry the
highest relative risk for significant drug interactions with
the NOACs. Two strong inhibitors of CYP3A4 are
enzalutamide, an androgen receptor antagonist used to
treat castration-resistant prostate cancer, and
dexamethasone used in many lymphoid malignancies and
for the treatment and palliation of various cancer-related
complications, including nausea and vomiting. No strong
inducers of CYP3A4 were identified.
Four moderate inhibitors of both CYP3A4 and Pglycoprotein activity were identified: imatinib, crizotinib,
abiraterone, and cyclosporine. Use of these drugs in
combination with any of the three NOACs could result in
increased plasma concentrations of the NOAC.
Paclitaxel, vemurafenib, prednisone, and bexarotene have
moderate induction of CYP3A4 activity without effect on
the P-glycoprotein transporter. Use of these agents in
combination with rivaroxaban or apixaban can have
decreased plasma concentration of either drug but would
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have no impact on dabigatran concentration. Bicalutamide
is moderate inhibitor of CYP3A4 and could increase the
plasma concentration of rivaroxaban or apixaban if used
in combination.
Many other drugs are mild inducers or inhibitors of the
CYP3A4 enzyme or of P-glycoprotein . These drugs with
mild CYP3A4 interactions or that affect P-glycoprotein in
isolation have a relatively low propensity for clinically
significant drug interactions with the NOACs. Often
chemotherapeutic agents are used in combination, and
the clinical significance of these combined weak or
moderate interactions is not known.
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12. Endovascular Management of
Venous Thromboembolism

Introduction:
Venous thromboembolism (VTE) is a spectrum of disease
including deep vein thrombosis (DVT) and pulmonary
embolism (PE). DVT represents about two thirds of VTE
cases, while the remaining third predominantly present
with PE. Risk factors include genetic thrombophilia, age
and hyper-coagulable states such as malignancy, and
transient factors such as medications, immobilization,
hospitalization, travel and trauma.
The standard medical treatment for VTE is a 3 to 6 months
course of oral anticoagulation therapy. The most
commonly used oral anticoagulation is warfarin and the
most commonly used parenteral agents are Unfractionated
Heparin and Low molecular weight Heparin. However,
there are some specific situations where endovascular
management is warranted.
Interventional Radiology treatment for management of
VTE includes the following
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Endovascular therapy for deep venous thrombosis




Endovascular therapy for pulmonary embolism
Inferior Vena Cava filter placement

Endovascular Therapy Of Deep Vein Thrombosis
The endovascular management of deep vein thrombosis
includes Catheter Directed Thrombolysis (CDT) and
Percutaneous Mechanical / Pharmaco-mechanical
thrombectomy (PMT).
I. Catheter Directed Thrombolysis:
This involves percutaneous introduction of a catheter into
the venous system with subsequent fluoroscopic guidance
to the target vessel and prolonged infusion of a
thrombolytic agent such as tPA directly into the thrombus.
The catheter is left in place and the infusion usually
continues for at least 24 hours. It reduces the total dose
of thrombolytic required and minimizes systemic drug
exposure (thereby reducing the risk of systemic bleeding),
while optimizing exposure of the lytic agent to the clot.
Indications:
Indications of Catheter Directed Thrombolysis are
mentioned in Table no. 1
Contraindications:
Absolute:

Active internal bleeding, Cerebral infarction, Neurological
and eye procedures, head trauma within 3 months, known
intracranial tumor, aneurysm, or vascular malformation.
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Relative:

Major trauma, surgery or obstetrical delivery within 10
days, Uncontrolled hypertension (systolic >180 mmHg or
diastolic >110 mmHg), Gastrointestinal bleeding within 3
months, Pregnancy.
Efficacy:

Multiple studies have demonstrated that CDT is effective
at restoring venous patency and reducing symptoms in the
setting of acute DVT with the prevention of PTS and is more
effective than anticoagulation alone. Studies have also
shown that CDT also reduces risk of recurrent DVT. Risk
reduction appears greatest if the procedure is done in the
acute or early subacute phases (within the first 2-3 weeks).
Table 1: Indications of Catheter Directed Thrombolysis
SIR Guidelines
Absolute
Indications

AHA Guidelines

1. Acute ilio-femoral 1. Acute ilioDVT in ambulatory
femoral DVT
patients with low
(<21 days within
bleeding risk and
onset of
long-life
symptoms)
expectancy
2. Highly
2. Limbsymptomatic
threatening
subacute and
compromise
chronic
ilio-femoral DVT
3. Acute or
3. Rapid thrombus
subacute IVC
extension or
thrombosis
symptomatic
progression despite
anticoagulation
4. Limb-threatening
conditions such
as phlegmasiaceruleadolens

Level of RecommeEvidence ndation
I or II

Strong

(SIR – Society of Interventional Radiology, AHA – American Heart Association)
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CDT guidelines and practice considerations:
Because of the long-term benefits of CDT, it is likely to be
most beneficial in younger patients with long life
expectancy, low comorbidity, and with a severity of
thrombus that puts them at the highest risk for recurrence
and/or PTS, such as those with ilio-femoral DVT.
Catheter-directed thrombolysis for deep venous
thrombosis in cancer patients.
A retrospective cohort of consecutive patients with acute
ilio-femoral or brachio-subclavian deep vein thrombosis
treated with catheter-directed thrombolysis showed that
percutaneous catheter-directed thrombolysis is equally
safe for patients with and without cancer who have acute
symptomatic deep vein thrombosis.
II.

Percutaneous Mechanical / Pharmaco-mechanical
Thrombectomy:
Percutaneous mechanical thrombectomy refers to clot
removal using one of several endovascular mechanical
devices and is commonly used as part of a pharmacomechanical thrombectomy. In this process mechanical
thrombectomy is combined with direct infusion of lytic
agents into the thrombus to rapidly clear the thrombus in
a single session. If a patient has a contraindication to
fibrinolysis, mechanical thrombectomy can be used as a
stand alone therapy without the administration of lytic
medications .
Contraindications:

Pulmonary Embolism is possible due to mechanical
manipulation of the thrombus. As such, poor
cardiopulmonary reserve and inability to tolerate PE
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represents a potential relative contraindication to
mechanical thrombectomy.
Efficacy of Thrombectomy:

A prospective multicentre observational registry (PEARL
registry) evaluated the outcomes of endovascular
treatment for lower-extremity deep vein thrombosis (DVT)
with rheolytic thrombectomy. PEARL registry data
demonstrated that pharmaco- mechanical treatment of
DVT is safe and effective.
Endovascular Therapy Of Pulmonary Embolism

American Heart Association classifies acute Pulmonary
Embolism (PE) into three categories: low-risk, submassive
(intermediate-risk), and massive (high-risk). For low risk
PE, therapeutic anticoagulation is the treatment of choice;
but systemic thrombolysis/ catheter directed therapy (CDT)
or surgical embolectomy is recommended for submassive
PE with evidence of adverse prognosis and massive PE in
view of high all-cause mortality (3-65%). Although systemic
thrombolysis can be initiated in a shorter time frame than
CDT, the full dose generally takes 2 hours to deliver. CDT
offers lower thrombolytic drug dose and obtain faster lysis
because of the targeted intra-thrombus drug delivery.
Catheter directed therapy (CDT) for pulmonary embolism
includes 1.
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Pharmaco-mechanical Therapy Catheter directed mechanical fragmentation and
aspiration of emboli by use of low-profile catheters
and devices with intra-clot thrombolytic injection
(tPA, tenecteplase, urokinase, or streptokinase
infusion).

2.

Mechanical Therapy –
Clot fragmentation and aspiration without the use of
thrombolytics where the risk of bleeding is high.

Indications
Indications of Catheter directed therapy (CDT) are
mentioned in Table no. 2
Table no. 2: Indications of Catheter directed therapy (CDT)
MASSIVE PE

SUBMASSIVE PE

Catheter
1. Reasonable for 1. May be
Embolectomy
patients with
considered for
and
contrapatients with
Fragmentation
indications to
evidence of
fibrinolysis
adverse
2. Patients who
prognosis (new
remain in
hemodynamic
unstable
instability,
condition after
worsening
receiving
respiratory
fibrinolysis
insufficiency,
[Level of
severe RV
evidence - II A;
dysfunction,
Recommendaor major
tion – Strong]
myocardial
necrosis)
2. Not
recommended
for patients
with minor RV
dysfunction,
minor
myocardial
necrosis, and
no clinical
worsening
[Level of
evidence - III;
Recommendation – Strong]

LOW RISK PE
Not
recommended
[Level of
evidence - III;
Recommendation – Strong]
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Inferior Vena Cava Filters
Inferior vena cava filters are implantable metal devices
placed in the inferior vena cava to trap any thrombus
originating from lower extremity veins and thus preventing
it from entering pulmonary circulation. The poor outcomes
of surgical IVC interruption techniques motivated the
development of endovascular means of IVC filtration.
Classification of IVC filters: (i) Permanent, (ii) Retrievable,
(iii) Convertible (allow in situ conversion from a filtration
configuration to a non-filtration, stent-like configuration
once IVC filtration is no longer needed).
Indications
Indications of IVC filters are mentioned in Table no. 3
Contraindications:




Complete thrombosis of IVC
Severe uncorrectable coagulopathy
Sepsis

IVC Filter Retrieval:
IVC filter retrieval should be considered in patients with
optional filters when the period of VTE risk has elapsed or
systemic anticoagulation has been achieved.
Prevention of Pulmonary Thromboembolism:
Prevention du Risqued’Embolie Pulmonaire par
Interruption Cave (PREPIC) prospective, randomized,
controlled trials evaluated utility of IVC filters with systemic
anticoagulation. The PREPIC study demonstrated
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significantly lower PE risk in patients treated with a
permanent IVC filter and anticoagulation compared to
those treated with only anticoagulation. However, the
subsequent PREPIC2 was conducted and demonstrated no
significant difference in rates of recurrent PE, symptomatic
PE, or mortality in patients who received a filter and
anticoagulation compared to those treated with only
anticoagulation.
The current ACCP and SIR guidelines do not recommend
placement of IVC filters in patients who can receive
anticoagulation therapy.
In patients who have a contraindication to anticoagulation,
however, there is evidence of benefits for IVC filter
placement. A retrospective study of patients with acute
VTE and active bleeding demonstrated 30-day mortality
risk reduction of 32% and 90-day mortality risk reduction
of 27% in patients who received IVC filters compared to
patients who did not.
Table 3: Indications of IVC Filter
SIR Guidelines
Absolute
Indications

1.VTE and contraindication
to anticoagulation
2. Failure of anticoagulation
in patients with VTE
- recurrent VTE
- complication
of anticoagulation
- inability to achieve or
maintain therapeutic
anticoagulation
Level of Evidence : I or IIa;
Recommendation : Strong

AHA Guidelines
1. Adult VTE patients with
contraindication to
anticoagulation or active
bleeding complication
2. Recurrent acute PE
despite therapeutic
anticoagulation
Level of Evidence : I or IIa;
Recommendation : Strong
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Relative
Indications

1.VTE with limited
cardiopulmonary reserve
2. Large, free-floating
proximal DVT
3. Massive PE treated with
thrombolysis /
thrombectomy or chronic
PE treated (with
thromboendarterectomy
4. Thrombolysis for
iliocaval DVT
5. Iliocaval DVT
6. Recurrent PE with IVCF
in place
7. Poor compliance to
anticoagulation therapy
8. High-risk of anticoagulation
complications
Level of Evidence : IIb;
Recommendation : Low

Prophylactic 1.Trauma with high VTE risk
Indications 2. Surgery patient with high
risk for VTE
(i. e. , bariatric population)
3. Medical condition with
high VTE risk
(i. e. , critically ill,
history of VTE)
Level of Evidence : III;
Recommendation : Low

Patients with acute PE and
very poor cardiopulmonary
reserve, including those
with massive PE
Level of Evidence : IIb;
Recommendation : Strong

Routine adjuvant to
anticoagulation and
systemic fibrinolysis in the
treatment of acute PE
Level of Evidence : III;
Recommendation : Low

(SIR – Society of Interventional Radiology, AHA – American Heart Association)
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13. Appendix

Monitoring of Anti-Coagulation
The need for ongoing monitoring of anticoagulation is
determined primarily based on the type of anticoagulant
used. Traditional anticoagulants such as unfractionated
heparin (UFH) and Vitamin K antagonists require scheduled
monitoring as dose adjustments are likely to be required
periodically.
UFH

- Prior to commencing complete blood count
CBC (including platelet count), Coagulation
profile (including APTT, INR, Prothrombin time).
Platelet count is recommended on day 5 post
commencement of therapy.
- The method for monitoring continuous IV
heparin infusion is usually APTT 6-8 hourly
Prophylactic (low dose) heparin does not
usually require monitoring.
- In the event of bleeding on heparin, urgent
APTT and Full blood count should be
performed.
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Low molecular - Prior to commencing, CBC (including platelet
weight heparins count), Coagulation profile (including APTT,
INR, Prothrombin time) and renal function
should be performed. Platelet count is
recommended on day 5 post commencement
of therapy.
- Monitoring of (full dose) low molecular
weight heparin (LMWH) therapy is not
generally required, except in renal failure,
extremes of body weight, pregnancy or other
situations where there is an increased risk of
bleeding . This is evaluated by anti-Xa activity.
VKAs

- Initially check INR at least four times per week
in the first week followed by every other day
until a therapeutic range is achieved and
maintained for two consecutive tests.
- INR can then be checked twice weekly for next
2–3 weeks
- When the INR and warfarin dose remain
stable for an additional 2–3 weeks the testing
interval can be made every four weekly

DOACs

- Routine monitoring is not required or
recommended when used for thromboprophylaxis or therapeutic anticoagulation.
However, the anticoagulant effect should be
measured if:
Obesity (BMI >40 kg/m2; weight >120 kg)
Underweight (<50 kg)
Concern over interfering medications
Fragile, elderly patients
Borderline renal function
Recurrent thrombosis on DOAC therapy
Major bleeding on DOAC therapy
Assessing persistent DOAC plasma levels prior
to surgery
Assessing patient adherence to anticoagulant
therapy
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Dabigatran

- Thrombin time (TT) is highly sensitive for the
presence of any dabigatran concentration in
the plasma; however, not a useful test to
quantify therapeutic or supra-therapeutic
levels.
- dilute thrombin time (dTT) and the Ecarin
time— either as a clotting or as a chromogenic
assay are good tests to quantify subtherapeutic, therapeutic, and supratherapeutic levels
-mass spectrometry drug level testing

Rivaroxaban

The Prothrombin time, INR (using a thromboplastin that is sensitive to rivaroxaban) is the
most sensitive routine coagulation assay,
however a normal PT does not exclude its
presence. The APTT and PT cannot estimate the
intensity of anticoagulant effect

Apixaban

A normal PT and APTT does not exclude
significant anticoagulant effect.

Tests for Thrombophilias
Inherited thrombophilia
1.
2.
3.
4.
5.
6.

Heterozygous Factor V Leiden mutation (FVR506Q)
Mutation in Factor V gene confers resistance to
activated protein C and increases thrombosis risk
Heterozygous prothrombin 20210 mutation
Elevated prothrombin levels due to mutation increase
thrombosis risk
Heterozygous protein C deficiency
Rare mutations reducing the function or production
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of protein C, an inhibitor of coagulation together with
protein S, increasing thrombosis risk
7. Heterozygous protein S deficiency
8. Rare mutations reducing function or production lead
to increased thrombosis risk
9. Hereditary antithrombin deficiency
10. Reduced function or production of antithrombin
thought to confer high thrombosis risk
11. Dysfibrinogenaemia
12. Very rare prothrombotic mutation thought to confer
high thrombosis risk
Acquired states
1.
2.

Antiphospholipid antibodies (aPL)
Variable risk of venous or arterial thrombosis due to
the presence of any one or a combination of anticardiolipin, lupus anticoagulant, or anti β-glycoprotein
I antibodies. Antiphospholipid syndrome is due to the
presence of persistent aPL antibodies and/or certain
pregnancy complications
Full blood count, calcium, and liver function tests
Variable risk of thrombosis due to the presence of
cancer or myeloproliferative disease

3.
4.

1. The majority of patients with venous
thromboembolism (VTE) should not be tested for
thrombophilia. Data supporting clinical usefulness
and benefits are limited or nonexistent.
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2. Physiological anticoagulant levels are reduced
after acute thrombosis, invalidating test results.
Do not perform thrombophilia testing at the time
of a VTE event, as it can be inaccurate (often false
positive). Perform testing (when indicated) after
completion of initial therapy and if it might change
management strategies.
3. Do not perform thrombophilia testing while a
patient is receiving warfarin. Instead, wait until 2
weeks after discontinuing warfarin, or 2 days for
direct oral anticoagulants and heparin. Most
thrombophilia testing can be performed during
heparin therapy, if indicated except Anti-thrombin
deficiency and Lupus anticoagulant
4. For patients with provoked VTE, even if they have
homozygous factor V Leiden, prothrombin gene
mutations, or deficiencies of protein S, C, or
antithrombin, they do not require lifelong
anticoagulation.
5. Currently available thrombophilia tests are
insufficient to identify inherited risks of VTE.
Therefore, a negative test should not be
interpreted as a patient being free of
thrombophilia.

LMWH dosage in moderate to severe renal
impairment
1.

Renal function surveillance should be exercised in all
patients with calculated creatinine clearances below
50 mL/min and therapeutic doses of LMWH be
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2.

3.

4.
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avoided in patients with severe renal disease
(creatinine clearance < 30 mL/min) unless they are
monitored using anti–factor Xa heparin levels.
Compared with longer courses of LMWH, short
courses (<7 days) are likely to be associated with less
risk of major bleeding episodes and might be safe to
administer without anti–factor Xa heparin level
monitoring, particularly when using LMWHs with
greater nonrenal clearance. Available evidence
suggests that, at prophylactic doses, the risk of
bioaccumulation is lower than it is at therapeutic
doses.
Compared with smaller molecules, larger molecules
are more likely to be cleared by extrarenal
mechanisms and thus could have a lower riskof
accumulation and bleeding. In patients with a
creatinine clearance between 30 mL/min and 50 mL/
min, full therapeutic doses of enoxaparin and
fondaparinux are likely to bioaccumulate.
Extensive practical experience suggests that
unfractionated heparin monitored by activated partial
thromboplastin time and transitioned to warfarin with
a target international normalized ratio of 2.0–3. 0 is a
practical approach for therapeutic anticoagulation in
patients with renal insufficiency.
Although anti–factor Xa monitoring makes sense
based on experience with other medications for which
levels are monitored and doses adjusted, little
evidence has been developed to show that this
practice improves outcomes when used to guide

5.

6.

LMWH dosing. Additionally, there is reasonablequality evidence of large variations in anti–factor Xa
levels between reagents and laboratories, which leads
to questions about the utility of the test. We suggest
that if anti–factor Xa monitoring is used to assess
bioaccumulation with therapeutic doses of once-daily
LMWH, trough levels should be targeted to below 0.4
U/mL. [Level of evidence: v; Level of agreement: 47%
LMWH should be used with extreme care in patients
with end-stage renal disease requiring dialysis. Use
should ideally be confined to research studies in the
setting of anti– factor Xa monitoring. [Level of
evidence: v; Level of agreement: 52%]
Evidence for the management of cancer-associated
thrombosis in patients with moderate (30–50 mL/
min) to severe (<30 mL/min) renal dysfunction is
extrapolated from the non-cancer literature. At
prophylactic doses, dalteparin and tinzaparin do not
seem to bioaccumulate and dalteparin at prophylactic
doses was unlikely to contribute to bleeding in
patients with renal impairment. Enoxaparin at
prophylactic doses might bioaccumulate in patients
with severe renal dysfunction, and dose reduction is
recommended.

Principles of management of VTE in palliative care setting
1.

The role of primary prophylaxis of VTE in palliative
cancer patients is unclear, and does not constitute
standard of care. Each case should be analyzed
individually considering benefits and burden, patient’s
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2.

3.

4.

and family wishes, stage in the disease trajectory and
goals of care.
The decision to treat VTE events in palliative cancer
patients should be made bearing in mind the same
considerations previously mentioned for the
administration of primary prophylaxis of VTE.
In the palliative cancer population, Low Molecular
Weight Heparin (LMWH) is the preferred treatment
for VTE. Coumadin requires monitoring of INR, is given
orally (not always available as a route), is associated
with more bleeding complications and failure is not
uncommon.
Due to the high risk of VTE recurrence after
discontinuation of treatment, anticoagulation should
be a life-long intervention. However, most authorities
recommend discontinuation of anticoagulation in
actively dying patients.

Mechanical methods of VTE prophylaxis
Graduated Elastic Compression Stockings (GECS)
GECS are commercially available as both below knee and
above-knee stockings. Most controlled trials have used
above-knee stockings. Studies comparing above-knee and
below-knee stockings have been too small to determine
whether or not they are equally effective. The current
evidence supportsthe preferential use of above-knee
stockings unless contra indicated (e. g. thigh circumference
>81 cm, incontinence). How to apply a compression
stocking: The stocking should be put on early in the
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morning preferably before the start of the swelling. The
leg must be dry. Sitting or lying down are the best positions
to adopt when putting on compression stockings. The use
of rubber gloves helps protect against tears and makes it
easier to pull on.
Contraindications: Massive leg edema, pulmonary edema,
severe peripheral arterial disease, severe peripheral
neuropathy, major leg deformity, dermatitis etc.
Cautions : Correct sizes, aligning toe hole under the toe,
avoid folding, not to be worn in bed.
The efficacy of GEC in prevention of post operative DVT
was studied in randomized, prospective controlled trial of
200 patients, aged 40 years and above, undergoing
abdominal surgery. It was concluded that GEC provided
safe and effective method of prophylaxis against DVT
2.

Intermittent Pneumatic Compression (IPC)devices IPC
devices periodically compress the calf and/or thigh
muscles of the leg (inflation pressures 35-40 mmHg
at about 10s/min) and stimulate fibrinolysis.
Compression devices are usually applied immediately
before or during surgery and are often replaced by
GECS following surgery as they can cause discomfort
in the conscious patient.
Caution: Not to be used in the presence of DVT.

Warfarin: Indian Context


Dietary Habits - Inconsistent and irregular
consumption of green leafy vegetables like cabbage,
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cauliflower, spinach, and other foods rich with vitamin
K precludes the achievement of target INR.
Medications - Over-the-counter (OTC) drugs (NSAIDs,
paracetamol, alternative herbal products like garlic
and fenugreek) increase the anticoagulant action of
the VKA and may cause haemorrhage. Concomitant
anti-tubercular drugs (isoniazid or rifampicin) use can
cause INR lability. Inadvertent use of vitamin
supplements may cause pseudo-resistance of
warfarin.
Body Habitus - Indians with low body weight and body
mass index (BMI) require lesser doses of VKA to
achieve target INR compared to their Western
counterparts and are more prone to bleeding.
Co-morbidities - During concurrent illnesses like fever,
diarrhea, etc. , a lot of patients omit the VKA and end
up in problems of low INR or more commonly take
antibiotics like metronidazole or macrolides and come
with high INR/bleeding. Often conditions like viral
hemorrhagic fevers (dengue) complicating the overall
scenario. Smoking causes enzyme induction and
potentially lowers the INR.
Monitoring - Many hospitals lack laboratories with
standardized measurement of prothrombin time (PT)/
INR. Outpatient anticoagulant control is generally
poor with inadequate pre-therapeutic assessment, an
unacceptably high proportion of sub-therapeutic PT/
INR values and high complication rates with irregular
PT monitoring in up to 25% patients.







Awareness - Unsatisfactory knowledge base of
clinicians for INR targets. There is a tendency to under
coagulate in view of the perceived risk of bleeding.
Genetics - Genetic factors affect the clinical outcomes
of OAC therapy as established by pharmacogenetics
findings. Warfarin has reported to have large interindividual and ethnic variations in drug response. The
3 single nucleotide polymorphisms (SNPs) identified
help to determine:
The dose of warfarin required to produce a
therapeutic INR (typically 2-3)
The risk of bleeding or of producing supratherapeutic INR (> 4)
The time required to achieve a stable therapeutic
dose
US FDA has made specific recommendations for
dosage range initiation in carriers of the CYP2C9 and
VKORC1 variants as determined by genotyping test.
Such advanced tests are not yet available in India very
easily and hence, there is no such aid in deciding the
dose of warfarin.
Dosage - All the trials done to establish INR range of
2-3 to balance the benefits with the risks of warfarin
therapy were conducted exclusively in Whites. In a
small study, it was concluded that in Asians, the
starting average dose requirement was 3. 4 mg vs 5
mg in Whites, which is also recognized by US FDA.
Some studies from China and Japan have documented
that Asians might need lower INR for protection from
thromboembolism and might have higher risk of
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bleeding at lower INR. There are no Indian
anticoagulation consensus guidelines to mention the
influence of ethnicity on the typical warfarin
maintenance dose and risks of warfarin therapy.
Apt patient education and physician update is
mandatory in order to achieve better patient
compliance and target INR values as per the
recommended guidelines. While prescribing VKAs in
India it is very necessary that the practitioner
considers the cost of the drug, compliance, and the
dietary patterns of the patient.
Interactions between warfarin and chemotherapeutic
agents
Warfarin is subject to the effects of drug interactions
because it has a narrow therapeutic range and complex
pharmacokinetics and pharmacodynamics. Other agents
that alter the protein binding, or more commonly, the
hepatic metabolism of warfarin can yield dramatic changes
in patients’ INR values. Whether these interacting agents
are given continuously, for a defined period, or cyclically
can dramatically change the therapeutic plan. Agents that
interact with the CYP2C9 enzyme are more likely to have
a dramatic response because the more potent S-isomer is
metabolized by this pathway.
The keys to managing warfarin drug interactions in patients
with cancer are recognition of a potential interaction,
frequent INR checks and appropriate dose modifications.
Diligence and more frequent INR checks are required both
at the beginning of the interacting therapy and again at
the end when interacting medications are given for a
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defined period of time or cyclically. If warfarin is initiated
in a patient taking an interacting medication, the starting
dose of warfarin should be chosen with this in mind.
Careful monitoring of patients with cancer receiving
warfarin therapy can improve efficacy and reduce adverse
effects.
Chemotherapy agent

Effect on INR

Possible mechanism

Bicalutamide

Variable

Can displace warfarin
from binding sites

Capecitabine

Increase

Downregulation of
CYP2C9

Carboplatin

Increase

Unknown

Cyclophosphamide

Increase/decrease Unknown

Doxorubicin

Increase

Unknown

Dasatinib

Increase

Increase the antiplatelet
activity

Deferasirox

Variable

Anticoagulants increase
toxic effects of deferazirox

Erlotinib

Increase

unknown

Estrogens

Decrease

Increases synthesis of
clotting factors

Etoposide

Increase

Unknown

Fluorouracil

Increase

Inhibition of CYP2C9

Geftinib

Increase

Unknown

Gemcitabine

Increase

Unknown

Ifosfamide/mesna

Increase

Unknown

Imatinib

Increase

Inhibition of
CYP2C9, CYP3A4, CYP2D6
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Chemotherapy agent

Effect on INR

Possible mechanism

Mercaptopurine

Decrease

Unknown

Methotrexate

Increase

Unknown

Nilotinib

Increase

Inhibition of CYP2C9,
CYP3A4

Paclitaxel

Increase

Change in protein binding

Tamoxifen

Increase

Inhibition of CYP2C9,
CYP3A4

Sorafenib

Increase

Inhibition of CYP2C9

Vincristine

Increase

Unknown

Vorinostat

Increase

Unknown

Randomized controlled trials for the acute treatment of
cancer-associated thrombosis- abstracts
1.

Comparison of low-molecular-weight heparin and
warfarin for the secondary prevention of venous
thromboembolism in patients with cancer: a
randomized controlled study. Meyer G, Marjanovic
Z, Valcke J,et al . Arch Intern Med. 2002; 162(15) :
1729-35.
OBJECTIVE: To determine whether a fixed dose of
subcutaneous low-molecular-weight heparin is superior to
oral warfarin for the secondary prophylaxis of venous
thromboembolism in patients with cancer and venous
thromboembolism.
METHODS: A randomized, open-label multicenter trial
performed between April 1995 and March 1999, compared
subcutaneous enoxaparin sodium (1.5 mg/kg once a day)
with warfarin given for 3 months in 146 patients with
venous thromboembolism and cancer.Main outcome
measure :A combined outcome event defined as major
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bleeding or recurrent venous thromboembolism within 3
months.
RESULTS:Of the 71 evaluable patients assigned to receive
warfarin, 15 (21.1%; 95% confidence interval [CI], 12.3%32.4%) experienced one major outcome event compared
with 7 (10.5%) of the 67 evaluable patients assigned to
receive enoxaparin (95% CI, 4.3%-20.3%; P =.09). There
were 6 deaths owing to hemorrhage in the warfarin group
compared with none in the enoxaparin group. In the
warfarin group, 17 patients (22.7%) died (95% CI, 13.8%33.8%) compared with 8 (11.3%) in the enoxaparin group
(95% CI, 5.0%-21.0%; P =.07). No difference was observed
regarding the progression of the underlying cancer or
cancer-related death.
CONCLUSIONS: These results confirm that warfarin is
associated with a high bleeding rate in patients with venous
thromboembolism and cancer. Prolonged treatment with
low-molecular-weight heparin may be as effective as oral
anticoagulants and may be safer in these cancer patient
2.

Low-Molecular-Weight Heparin versus a Coumarin
for the Prevention of Recurrent Venous
Thromboembolism in Patients with Cancer. Agnes
Y.Y. Lee, Mark N. Levine,, Ross I. Baker,et al for CLOT
investigators N Engl J Med 2003; 349:146-153
BACKGROUND : Patients with cancer have a substantial
risk of recurrent thrombosis despite the use of oral
anticoagulant therapy. We compared the efficacy of a lowmolecular-weight heparin with that of an oral
anticoagulant agent in preventing recurrent thrombosis
in patients with cancer.
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METHODS: Patients with cancer who had acute,
symptomatic proximal deep-vein thrombosis, pulmonary
embolism, or both were randomly assigned to receive lowmolecular-weight heparin (dalteparin) at a dose of 200 IU
per kilogram of body weight subcutaneously once daily
for five to seven days and a coumarin derivative for six
months (target international normalized ratio, 2.5) or
dalteparin alone for six months (200 IU per kilogram once
daily for one month, followed by a daily dose of
approximately 150 IU per kilogram for five months).
RESULTS: During the six-month study period, 27 of 336
patients in the dalteparin group had recurrent venous
thromboembolism, as compared with 53 of 336 patients
in the oral-anticoagulant group (hazard ratio, 0.48;
P=0.002). The probability of recurrent thromboembolism
at six months was 17 percent in the oral-anticoagulant
group and 9 percent in the dalteparin group. No significant
difference between the dalteparin group and the oralanticoagulant group was detected in the rate of major
bleeding (6 percent and 4 percent, respectively) or any
bleeding (14 percent and 19 percent, respectively). The
mortality rate at six months was 39 percent in the
dalteparin group and 41 percent in the oral-anticoagulant
group.
CONCLUSIONS: In patients with cancer and acute venous
thromboembolism, dalteparin was more effective than an
oral anticoagulant in reducing the risk of recurrent
thromboembolism without increasing the risk of bleeding.
3.
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Secondary prevention of venous thromboembolic
events in patients with active cancer: enoxaparin

alone versus initial enoxaparin followed by warfarin
for a 180-day period. Deitcher SR, Kessler CM, Merli
G, et al ONCENOX Investigators. Clin Appl Thromb
Hemost. 2006 Oct;12(4):389-96.
ABSTRACT: This study evaluated enoxaparin alone versus
initial enoxaparin followed by warfarin in secondary
prevention of venous thromboembolic events in adults
with active malignancy. Cancer patients (n = 122) with
acute symptomatic venous thromboembolic events were
randomly allocated to receive subcutaneous enoxaparin
1.0 mg/kg every 12 hours for 5 days, followed by 1.0 mg/
kg daily (group 1a) or 1.5 mg/kg daily (group 1b) for 175
days, or subcutaneous enoxaparin 1.0 mg/kg every 12
hours for at least 5 days and until a stable international
normalized ratio of 2 to 3 was achieved on oral warfarin
begun on day 2 and continued to day 180 (group 2). There
were no significant differences in major and minor bleeding
rates between treatment groups. No bleeding events were
intracranial or fatal. Enoxaparin treatment was feasible,
generally well tolerated, and effective for a 180-day period
in the secondary prevention of venous thromboembolic
events in patients with active malignancy
4.

Long-term low-molecular-weight heparin versus
usual care in proximal-vein thrombosis patients with
cancer.Hull RD, Pineo GF, Brant RF, et al LITE Trial
Investigators. Am J Med. 2006 ;119(12):1062-72.
SUBJECTS AND METHODS: Subjects were patients with
cancer and acute symptomatic proximal-vein thrombosis.
We performed a multi-centre randomized, open-label
clinical trial using objective outcome measures comparing
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long-term therapeutic tinzaparin subcutaneously once
daily with usual-care long-term vitamin-K-antagonist
therapy for 3 months. Outcomes were assessed at 3 and
12 months.
RESULTS: Of 200 patients, 100 received tinzaparin and 100
received usual care. At 12 months, the usual-care group
had an excess of recurrent venous thromboembolism; 16
of 100 (16%) versus 7 of 100 (7%) receiving low-molecularweight heparin (P=.044; risk ratio=.44; absolute difference
-9.0; 95% confidence interval [CI], -21.7 to -0.7). Bleeding,
largely minor, occurred in 27 patients (27%) receiving
tinzaparin and 24 patients (24%) receiving usual care
(absolute difference -3.0; 95% CI, -9.1 to 15.1). In patients
without additional risk factors for bleeding at the time of
randomization, major bleeding occurred in 0 of 51 patients
(0%) receiving tinzaparin and 1 of 48 patients (2.1%)
receiving usual care. Mortality at 1 year was high, reflecting
the severity of the cancers; 47% in each group died.
CONCLUSION: Our findings confirm the limited but
benchmark data in the literature that long-term lowmolecular-weight heparin is more effective than vitaminK-antagonist therapy for preventing recurrent venous
thromboembolism in patients with cancer and proximal
venous thrombosis.
5.
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Tinzaparin vs Warfarin for Treatment of Acute
Venous Thromboembolism in Patients With Active
Cancer A Randomized Clinical Trial.Agnes Y. Y. Lee,
Pieter W. Kamphuisen, Guy Meyer, et al for the
CATCH Investigators JAMA. 2015;314(7):677-686

OBJECTIVE : To study the efficacy and safety of tinzaparin
vs warfarin for treatment of acute, symptomatic VTE in
patients with active cancer.
METHODS : A randomized, open-label study with blinded
central adjudication of study outcomes . Adult patients
with active cancer and objectively documented proximal
deep vein thrombosis (DVT) or pulmonary embolism, with
a life expectancy greater than 6 months and without
contraindications for anticoagulation, were followed up
for 180 days and for 30 days after the last study medication
dose for collection of safety data. Interventions Tinzaparin
(175 IU/kg) once daily for 6 months vs conventional
therapy with tinzaparin (175 IU/kg) once daily for 5 to 10
days followed by warfarin at a dose adjusted to maintain
the international normalized ratio within the therapeutic
range (2.0-3.0) for 6 months. Primary efficacy outcome
was a composite of centrally adjudicated recurrent DVT,
fatal or nonfatal pulmonary embolism, and incidental VTE.
Safety outcomes included major bleeding, clinically
relevant nonmajor bleeding, and overall mortality.
RESULTS: Nine hundred patients were randomized and
included in intention-to-treat efficacy and safety analyses.
Recurrent VTE occurred in 31 of 449 patients treated with
tinzaparin and 45 of 451 patients treated with warfarin
(6-month cumulative incidence, 7.2% for tinzaparin vs
10.5% for warfarin; hazard ratio [HR], 0.65 [95% CI, 0.411.03]; P = .07). There were no differences in major bleeding
(12 patients for tinzaparin vs 11 patients for warfarin; HR,
0.89 [95% CI, 0.40-1.99]; P = .77) or overall mortality (150
patients for tinzaparin vs 138 patients for warfarin; HR,
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1.08 [95% CI, 0.85-1.36]; P = .54). A significant reduction
in clinically relevant nonmajor bleeding was observed with
tinzaparin (49 of 449 patients for tinzaparin vs 69 of 451
patients for warfarin; HR, 0.58 [95% CI, 0.40-0.84]; P =
.004).
CONCLUSIONS AND RELEVANCE: Among patients with
active cancer and acute symptomatic VTE, the use of fulldose tinzaparin (175 IU/kg) daily compared with warfarin
for 6 months did not significantly reduce the composite
measure of recurrent VTE and was not associated with
reductions in overall mortality or major bleeding, but was
associated with a lower rate of clinically relevant nonmajor
bleeding. Further studies are needed to assess whether
the efficacy outcomes would be different in patients at
higher risk of recurrent VTE
6.

Edoxaban for the Treatment of Cancer-Associated
Venous Thromboembolism.Gary E. Raskob, Nick van
Es, Peter Verhamme,Marc Carrier, Marcello Di Nisio
et al., for the Hokusai VTE Cancer Investigators. N
Engl J Med 2018; 378:615-624
Low-molecular-weight heparin is the standard treatment
for cancer-associated venous thromboembolism. The role
of treatment with direct oral anticoagulant agents is
unclear.
METHODS:In this open-label, non inferiority trial, patients
with cancer who had acute symptomatic or incidental
venous thromboembolism were randomly assigned to
receive either low-molecular-weight heparin for at least 5
days followed by oral edoxaban at a dose of 60 mg once
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daily (edoxaban group) or subcutaneous dalteparin at a
dose of 200 IU per kilogram of body weight once daily for
1 month followed by dalteparin at a dose of 150 IU per
kilogram once daily (dalteparin group). Treatment was
given for at least 6 months and up to 12 months. The
primary outcome was a composite of recurrent venous
thromboembolism or major bleeding during the 12
months after randomization, regardless of treatment
duration.
RESULTS:Of the 1050 patients who underwent
randomization, 1046 were included in the modified
intention-to-treat analysis. A primary-outcome event
occurred in 67 of the 522 patients (12.8%) in the edoxaban
group as compared with 71 of the 524 patients (13.5%) in
the dalteparin group (hazard ratio, 0.97; 95% confidence
interval [CI], 0.70 to 1.36; P=0.006 for noninferiority;
P=0.87 for superiority). Recurrent venous
thromboembolism occurred in 41 patients (7.9%) in the
edoxaban group and in 59 patients (11.3%) in the
dalteparin group (difference in risk, “3.4 percentage points;
95% CI, “7.0 to 0.2). Major bleeding occurred in 36 patients
(6.9%) in the edoxaban group and in 21 patients (4.0%) in
the dalteparin group (difference in risk, 2.9 percentage
points; 95% CI, 0.1 to 5.6).
CONCLUSIONS :Oral edoxaban was noninferior to
subcutaneous dalteparin with respect to the composite
outcome of recurrent venous thromboembolism or major
bleeding. The rate of recurrent venous thromboembolism
was lower but the rate of major bleeding was higher with
edoxaban than with dalteparin.
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7.

Comparison of an Oral Factor Xa Inhibitor With Low
Molecular Weight Heparin in Patients With Cancer
With Venous Thromboembolism: Results of a
Randomized Trial (SELECT-D).Annie M. Young,
Andrea Marshall, Jenny Thirlwall et al .J Clin Oncol
2018;36:2017-2023.
OBJECTIVE : Venous thromboembolism (VTE) is common
in patients with cancer. Long-term daily subcutaneous low
molecular weight heparin has been standard treatment
for such patients. The purpose of this study was to assess
if an oral factor Xa inhibitor, rivaroxaban, would offer an
alternative treatment for VTE in patients with cancer.
METHODS: In this multicenter, randomized, open-label,
pilot trial in the United Kingdom, patients with active
cancer who had symptomatic pulmonary embolism (PE),
incidental PE, or symptomatic lower extremity proximal
deep vein thrombosis (DVT) were recruited. Allocation was
to dalteparin (200 IU/kg daily duringmonth 1, then 150
IU/kg daily formonths 2-6) or rivaroxaban (15mg twice
daily for 3 weeks, then 20 mg once daily for a total of 6
months). The primary outcome was VTE recurrence over
6months. Safety was assessed by major bleeding and
clinically relevant nonmajor bleeding (CRNMB). A sample
size of 400 patients would provide estimates of VTE
recurrence to within 6 4.5%, assuming a VTE recurrence
rate at 6 months of 10%.
RESULTS: A total of 203 patients were randomly assigned
to each group, 58% of whom had metastases. Twenty-six
patients experienced recurrent VTE (dalteparin, n = 18;
rivaroxaban, n = 8). The 6-month cumulative VTE
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recurrence rate was 11% (95% CI, 7% to 16%) with
dalteparin and4%(95% CI, 2% to 9%) with rivaroxaban
(hazard ratio [HR], 0.43; 95% CI, 0.19 to 0.99). The 6-month
cumulative rate of major bleeding was 4% (95% CI, 2% to
8%) for dalteparin and 6% (95% CI, 3% to 11%) for
rivaroxaban (HR, 1.83; 95% CI, 0.68 to 4.96). Corresponding
rates of CRNMB were 4% (95% CI, 2% to 9%) and 13% (95%
CI, 9% to 19%), respectively (HR, 3.76; 95% CI, 1.63 to 8.69).
CONCLUSION: Rivaroxaban was associated with relatively
low VTE recurrence but higher CRNMB compared with
dalteparin.
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Recommendations for selection of anticoagulant
treatment of CAT
DOAC

Optimal

Avoid

Patient without
GI malignancy

Active GI malignancy
(especially esophageal,
gastroesophageal
junction, or gastric cancer)

Low risk for major bleeding History of GI bleeding
Ease of treatment for
patient is a priority

Extremes of weight
(<50kg or >150kg)

No strong drug drug interactions

Renal insufficiency /
fluctuating renal status
Chemotherapy associated
with high GI toxicity

LMWH Frequent emetogenic
Strong aversion to
chemotherapy, nausea and injectable therapy
vomiting, difficulty with
oral intake
Concerns for GI absorption
( feeding tubes, gastric or
bowel resections)

Renal insufficiency /
fluctuating renal status

Drug - Drug interactions
with DOAC or VKA

Extremes of weight (<50
kg or >150 kg)

Motivated patient willing
to use for extended
durations
Known increased
bleeding risk
Recurrent cancer
associated VTE while on
anticoagulants
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VKA

Optimal

Avoid

Any situation in which
close anticoagulant
monitoring is necessary
or concern for absorption
and metabolism

Lack of access to
dedicated anticoagulation
monitoring service with
experience caring for
cancer patients

Advanced chronic kidney
disease
Extremes of weight
(<50 kg or >150 kg)
( adapted from H Samkari et al Cancers 2018 )
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