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Introduction

Cancer is an independent major risk factor for venous
thromboembolism (VTE), which is the second leading
cause of death in medically and surgically treated patients
with cancer (1-5). The association between VTE and lung
cancer has been reported more than 20 years ago (6,7).

Lung cancer is the leading cause of death in China for
both men and women, with over 626,000 deaths in 2014 in
China (8). VTE after lung cancer surgery occurs at a high
incidence (9,10).

Featured by insidious onset and high case-fatality rate,
VTE is one of the main causes of perioperative deaths and
is also a key contributor to unexpected deaths in hospitals
(1,11,12). In lung cancer patients, effective prevention
measures not only decrease the risk of VTE and alleviate
the patients’ pain but also improve the long term survival
and lower the medical costs (2,13).

Therefore, the prevention VTE in lung cancer surgery
patients represents major challenges for thoracic surgeons
in daily practice. In recent years, there has been increasing
attention to the phenomenon of VTE in lung cancer
surgery (14). Although several national and international
guidelines for the prevention and treatment of VTE in
cancer patients have been published in the past, however
none was specific for lung cancer (4,5,15-25). Accordingly
and in view of the importance of this issues, The Society
for Translational Medicine with the collaboration of
China National Research Collaborative Group on Venous
Thromboembolism in Thoracic Surgery, set up a working
group to develop the Assessment and Prevention of
Venous Thromboembolism after Lung Cancer Surgery.
The working group comprised 38 experts from various
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specialties and sub-specialties (thoracic surgery,
respiratory medicine, vascular surgery, pharmacology),
including eight international panelists, as well as
one nurse. The aim of this article is to provide more
accurate knowledge and to improve and standardize the
prevention of VTE after lung cancer surgery.

Basic concepts

VTE: abnormal clotting of blood in veins leads to
complete or incomplete obstruction of blood vessels.
VTEs are venous blood return-related disorders. VTE
is manifested as deep vein thrombosis (DVT) and/or
pulmonary embolism (PE), which represent two clinical
manifestations of VT'E at different sites in the body at
different stages (5,10,26,27). DV'T, when blood clots
occur within the deep veins, is especially prevalent in
the deep veins of the lower limbs, but can occur all over
the body. It often occurs after major orthopedic surgery,
but can also occur following lung cancer surgery. DVT
in lower limbs (popliteal vein or its proximal parts) is
considered a main source of pulmonary thromboembolism.
Prevention of DVT can reduce the risk of PE (5).
PE, the occlusion of the pulmonary artery or its branches
by thrombus from the venous system or the right heart, is a
pulmonary circulation and respiratory function disorder that
can be fatal. PE is one of the major causes of perioperative
death among lung cancer patients (5).

Epidemiology of VIE

VTE is a common disease that poses serious threats to
cancer patients, especially in patients who have received
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chemotherapy and/or surgery (26,28). The incidence of
VTE in cancer patients who have been hospitalized for
the first time is about 3-12%, depending on the site of the
malignancies (28,29). Approximately 20% of all VTE events
occur in patients with cancer (12) and more than 20% of
cancer patients will be affected by VTE before death (30).
In a survey of clinical trials of thromboprophylaxis in
surgical patients with cancer, the average incidence of DV'T
in untreated patients was 29% (28).

In another study that had enrolled 17,284 patients with
solid tumors, the incidence of VTE was 12.6% within
12 months after outpatient chemotherapy (31). Both DVT
and PE have high case-fatality rates in their early stages
(3.8% and 38.9%, respectively), thus being the second
leading cause of deaths among patients with malignant
tumors (32,33).

It has been reported both in China and abroad that the
incidence of VTE after lung cancer surgery is 7.3-13.9%
(1,11,12,34-36). Dentali et al. reported that the incidence of
VTE after surgery for lung cancer was 7.4%, with the peak
occurring within 7 days after surgery (1). In a prospective
cohort using computerized tomography pulmonary
angiogram (CTPA) and lower limb venous compression
ultrasound one month after surgery to measure the
primary outcome, the incidence of post-operative VI'E
was 12.1%, of which 80% of the VTE events were PE, and
only 21% were symptomatic (37). Zhang et al. described
the high prevalence of VTE in Chinese patients with
newly diagnosed lung cancer. VTE events occurred in 89
(13.2%) of the 673 patients enrolled in the study (35). A
retrospective study on resected specimens obtained from
lung cancer patients found that 59.6% of lung cancer
patients experienced thromboembolic events, among
which 42.9% were pulmonary arterial embolism and
57.1% pulmonary venous embolism (38). Ziomek et al.
analyzed 77 patients who underwent lung resection surgery
for lung cancer. They found that 20 patients (26%) had
a thromboembolic episode in the postoperative period
(15 cases of DV'T and 5 cases of PE) (39).

In a most recent single-center, prospective cohort study,
Li et al. found that the overall incidence of VTE was
13.9% (48 of 345) after major thoracic surgery without
perioperative VIT'E prophylaxis and the incidence of VTE
after lung cancer surgeries was as high as 16.4% (40).

Interestingly, Agzarian er al. reported the VTE
prevalence was 12.1% in patients undergoing oncologic
lung resections, despite adherence to in-hospital VTE
prophylaxis guidelines. The majority of VTE events in
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their group were asymptomatic, and all developed in the
post-discharge time frame (37).

Current status of VIE prophylaxis in thoracic surgery in
China

It has been reported that 96% of surgeons in the United
States agreed that comprehensive prevention measures
against VTE should be taken intra-operatively and
postoperatively (41). However, the prevention against
VTE has not been widely implemented in China. VTE
prophylaxis is practiced differently in many hospitals in
China. Based on robust evidence, consensus guidelines
from multiple specialty organizations provide clear
recommendations for the prevention of VTE, and
highlight the need for prophylaxis in cancer patients
(4,5,16,18,19,23,27,42). Despite this, VTE prophylaxis
remains underused in cancer patients in China. According
to a national survey, 35.35% (407/1,150) of the Chinese
thoracic surgeons did not use any thromboprophylaxis after
lung cancer surgery (43). Possible explanations may be: (I)
most Chinese surgeons believe that the incidence of VITE
is low; (II) concerns about the possibility of major bleeding
after chemoprophylaxis; and (III) concerns about the
increase of medical costs (any benefits of anticoagulation
may not be demonstrated in a short term due to high cost
of PE treatment). Thus, awareness of the prevention and
treatment of VTE should be increased among clinicians,
especially thoracic surgeons in China.

Risk factors for VTE and their assessment and
stratification

Risk factors

Many of the risk factors for development of VTE are
common to patients with cancer. In principle, all causes of
vein injuries, stagnation of venous blood flow, blood hyper
coagulation, malignancies, chemotherapy administration,
and cancer surgery are recognized risk factors of VTE.
The factors related to the development of VTE in cancer
patients can be patient related (e.g., age, BMI), cancer
related (e.g., histopathologic type of cancer), treatment
related (e.g., surgical procedure, chemotherapy), or a
combination of these factors (Corrales-Rodriguez L, Blais
N. Lung cancer associated venous thromboembolic disease:
a comprehensive review. Lung Cancer 2012;75:1-8.) (5,18).
It is important to identify patients who are at a high risk
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Table 1 Independent risk factors of VTE (44)

Characteristic Odds ratio 95% Cl P value
Patient age 1.24 0.88,1.73 0.2157
Body mass index (kg/m?) 1.08 1.05, 1.11 <0.0001
Major surgery 18.95 9.22, 38.97 <0.0001
Hospitalization for acute medical iliness 5.07 3.12,8.23 <0.0001
Nursing home confinement 4.63 2.77,7.74 <0.0001
Trauma/fracture 4.56 2.46, 8.46 <0.0001
Active cancer 14.64 7.73,27.73 <0.0001
Neurologic disease with leg paresis 6.10 1.97, 18.89 0.0017
Varicose veins 1.22 0.89, 1.68 0.2239
Pregnancy or postpartum 4.24 1.30, 13.84 0.0166
Oral contraceptives 4.03 1.83, 8.89 0.0005
Estrogen alone 1.81 1.06, 3.09 0.0304
Progestin alone 1.20 0.40, 3.63 0.7430
Non-contraceptive estrogen plus progestin 2.53 1.38, 4.63 0.0027

Reproduced with permission from Elsevier: Barsoum MK, et al. Is progestin an independent risk factor for incident venous
thromboembolism? A population-based case-control study. Thromb Res 2010;126:373-8. VTE, venous thromboembolism.

of experiencing a VTE following lung cancer surgery. The
preoperative risk factors of VTE include prior history of
VTE, surgery, trauma, bed rest, malignant tumors and their
treatment (hormones, chemotherapy, or radiotherapy),
old age, underlying medical diseases (respiratory disease,
myocardial infarction, congestive heart failure, ischemic
stroke, pancreatitis, renal failure, and cardiac/respiratory
failure caused by various reasons), obesity, smoking,
varicose veins, and hereditary or acquired predisposition
to thrombosis. Postoperative risk factors include
immobilization, bedridden state, central venous accesses
catheters and other intrusive devices, sepsis, use of sedative/
anesthetic drugs, prolonged surgical time, and mechanical
ventilation. These preoperative and postoperative risk
factors often co-exist (5). Procedure-related risk factors
should be also considered when assessing an individual’s risk
of developing VTE. Procedure-related risk factors include
duration of the procedure, degree of tissue damage, degree
of immobility after surgery, type of the surgical procedure
(e.g., wedge resection, lobectomy, pneumonectomy, sleeve
resection, etc.) (14) (Table I).

Lung cancer has been shown to be an independent risk
factor for VTE (45), and the disease may have numerous
mechanisms that predisposes a patient to having VTE,
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including chemotherapy treatment. Primary bronchogenic
carcinoma, especially adenocarcinoma, can damage
the balance between the deposition and degradation of
fibrin in vascular system. Patients with lung cancer or
esophageal cancer often have coagulation anomalies.
Increased fibrin degradation products, thrombocytosis,
hyperfibrinogenemia, and prolonged prothrombin time,
are suggestive of the presence of chronic disseminated
intravascular coagulation. Tumor tissues can secrete
coagulants such as tissue factors, platelet aggregation-
promoting substances, polysaccharides, and plasmin
activators, which can induce hypercoagulable state and
thus promote a predisposition to thrombosis. Vascular
intima that has been infiltrated by cancer cells loses its
antithrombotic ability. As a result, the solid tumor itself can
potentially cause thrombosis and neoplasms on vascular
walls and cardiac valves.

Lung cancer surgery is a risk factor for VI'E, and many
acquired factors can further promote the occurrence of
VTE (5). Peri-operative blood loss and tissue injury can
further activate the coagulation system and thus increase
the risk of VTE. Postoperative confined to bed can lead
to blood stasis. Hemostasis drugs may be applied because
of concerns about intraoperative bleeding or due to the

F Thorac Dis 2018;10(5):3039-3053
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presence of bleeding. Surgical stress and potential organ
dysfunction may also trigger a predisposition to thrombosis.
Hematoma compression, prolonged operating time,
trauma/sepsis secondary to trauma, placement of a central
venous catheter, and other factors, can all cause vascular
endothelial injury. This can lead to a decrease in venous
pressure, diminished flow rate and vascular stenosis, all
of which can further activate the coagulation system and
promote the formation of blood clots. During the surgery
itself, limb hypo perfusion and decreased venous blood
flow due to anesthesia are both risk factors for lower
extremity DV'T.

The incidence of VTE vary substantially between
cancer patients, considerably depending on clinical factors,
the most important being tumor type and stage (14,39).
Ziomel et al. found that primary bronchogenic carcinoma
(25%), adenocarcinoma (44%), cancer sized 3 cm or larger
(47%), stage II lung cancer (50%) and pneumonectomy or
lobectomy (29%) have been associated with a higher risk
of VTE than metastatic tumors and benign tumors (0%),
other lung cancer types (12%), small cell lung cancer (15%),
stage I lung cancer (21%), and segmentectomy or wedge
resection (4%) (39).

Risk assessment and stratification

Although it is commonly stated that cancer patients are
at high risk for VT'E, there is significant variation in risk
amongst subgroups of this population. Discriminating
between low- and high-risk patients is therefore crucial to
optimize the risk-benefit ratio of thromboprophylaxis.

A variety of methods can be applied for evaluating the risk
factors of VTE. Available VTE risk scoring models include
Caprini risk assessment model (Caprini RAM) (46), Rogers
score (47), Padua prediction score (48), Wells score (49),
and Khorana score (45). All these are tailored tool for
assessing the risks of VTE.

Both Caprini RAM and Rogers score are recommended
by the American College of Chest Physicians (ACCP)
guidelines for risk assessment in surgical patients (19),
while Padua score and Wells score are considered the most
suitable risk assessment models for in-hospital medical
patients (42,50) and the Khorana score is for cancer patients
receiving chemotherapy (45).

The studies have demonstrated that the Caprini RAM
has been widely applied in thoracic surgery (46,51-53).

The classic Caprini scale includes about 40 risk factors
(including congenital and/or acquired risk factors), covering
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almost all the risk factors for VTE in a hospitalized patient.
Each risk factor is assigned with a different score based on
the risk level (1,46,51-53). The patients are then further
rated as “low risk”, “intermediate risk”, “high risk”, and
“very high risk”, and corresponding prevention measures
are recommended. The validity of the Caprini scale has
been well documented in Western countries (51-53).
Different prevention measures for VI'E are recommended
based on the risk levels. Thus, the scale not only enables
the prediction of the risk for VIT'E but also recommends
corresponding prevention measures, including the type and
duration of a specific prevention measure.

Recently, a modified Caprini scale has been used which
is tailored for the risk factors following thoracic surgery
(53,54). As shown in Table 2, the modified Caprini scale
simplifies the risk into three levels: 0-4, low risk; 5-8,
intermediate risk; and >9, high risk.

The Khorana score was developed as a model for
predicting the risk of VTE in patients on chemotherapy,
to identify which high-risk patients would benefit from
prophylactic anticoagulation. As shown in Table 3, the
Khorana score includes variable such as tumor location,
platelet count, hemoglobin levels, white blood cell count,
and BMI (45). The Khorana score has been externally
validated. However, this score did not perform well on patients
with lung cancer as shown in a study by Mansfield et al. (55).

Clinical characteristics and diagnosis of VTE
Clinical characteristics of VTE

Even minimal postoperative DVT may induce fatal PE
in patients with pulmonary carcinoma. Before the fatal
outcome of PE, some mild symptoms including dyspnea
and chest pain may be observed and are often misdiagnosed
as cardiac failure, sudden cardiac death, lung atelectasis
or pulmonary infection. Moreover, underlying thoracic
conditions and postoperative symptoms commonly masks
the signs and symptoms of PE. Thus, it is important to
increase the awareness for PE.

The typical clinical manifestations of PE include
dyspnea, chest pain, hemoptysis and/or circulatory collapse,
the so-called triple signs of PE; however, the occurrence
of all these manifestations is rarely seen in clinical practice.
For patients who have undergone thoracic surgery, any
minimal suspected manifestation of embolism should be
closely monitored and evaluated.

PE should be highly suspected if any of the following

F Thorac Dis 2018;10(5):3039-3053
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Table 2 Caprini risk factors for VTE
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Table 3 Predictive model for chemotherapy-associated VTE

Caprini risk factor Caprini score Patient characteristic Risk score
Age 40-59 (y) 1 Site of cancer
Abnormal pulmonary function 1 Very high risk (stomach, pancreas) 2
Acute myocardial infarction (<1 mo) 1 High risk (lung, lymphoma, gynecologic, bladder, 1
testicular)

Body mass index =30 (kg/m?) 1

Pre-chemotherapy platelet count 350x109/L or more 1
Congestive heart failure (<1 mo) 1

Hemoglobin level less than 100 g/L or use of red cell 1
History of inflammatory bowel disease 1 growth factors
History of prior major surgery (<1 mo) 1 Pre-chemotherapy leukocyte count more than 1

9
Complications of pregnancy* 1 11071
2

Oral contraceptive use or HRT 1 BMI 35 kg/m" or more !

) Low risk (score 0), intermediate risk (score 1-2), and high risk
Sepsis (<1 mo) 1 (score =3). (Reproduced with permission from the American Society
Serious acute lung disease (<1 mo) 1 of Hematology: Khorana AA, et al. Development and validation of a

predictive model for chemotherapy-associated thrombosis. Blood
Swollen legs (current) 1 2008;111:4902-7). VTE, venous thromboembolism.
Varicose veins 1
Age 60-74 2 . . .
9 v) manifestations is observed after the surgery:
Central venous access 2 (I) Progressive aggravation of hypoxemia and
Confined to bed (>72 h) 2 hypocapnia during spontaneous breathing;
II) Further exacerbation of hypoxemia in patients
Major open surgery (=45 min) 2 () .. .yp. P .
receiving controlled ventilation under sedation
Present cancer 2 (without other identifiable cause);
Prior cancer, except non-melanoma skin 2 (III) Patients with chronic pulmonary lesions and known
Age =75 () 3 CO, reten.tlon experllence dyspnoea and worsening
hypoxaemia, along with decreased PaCO,;
History of VTE 8 (IV) Fever of unknown origin;
Family history of VTE 3 (V) Sudden increase of pulmonary arterial pressure
Chemotherapy 3 and .cen'Fral venous pressure during hemodynamic
monitoring.
Positive anticardiolipin antibody 3
Positive Lupus anticoagulant 3 . .
Diagnosis of VTE
Acute spinal cord injury (<1 mo) 5
Due to difficulties in postoperative transfer, bedside
Major surgery =6 h 5

* History of unexplained stillborn infant, recurrent or
spontaneous abortion (>3), premature birth with toxemia of
pregnancy, or growth-restricted infant. (Reproduced with
permission from Elsevier: Hachey KJ, et al. Caprini venous
thromboembolism risk assessment permits selection for
post-discharge prophylactic anticoagulation in patients with
resectable lung cancer. J Thorac Cardiovasc Surg 2016;151:37-
44). VTE, venous thromboembolism; HRT, hormone replacement
therapy.
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Doppler ultrasonography for lower extremities and
echocardiography (both transesophageal or transthoracic)
are often used as the preferred initial examinations for
patients with suspected diagnosis. Doppler ultrasonography
can diagnose the presence of any DVT. Transesophageal
echocardiography can detect changes in right heart functions,
indirectly suggesting the presence of PE. Transesophageal
echocardiography may also identify the presence of a
thromboembolism in the main pulmonary artery.
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D-dimer can be used as an exclusion criterion of acute
DVT-PE for non-surgical patients; however, since the
coagulation-fibrinolysis system is activated by the surgery
itself and by underlying pathological changes and the
preexisting malignancy, the D-dimer may be a priori
elevated and thus its diagnostic value, when evaluated, is
limited. Therefore, in clinical practice D-dimer testing
is not recommended for the diagnosis of VI'E in cancer
patients. However, a negative finding of D-dimer is
considered to be highly valuable for exclusion of VTE (5).

Ventilation/perfusion scintigraphy had previously been
used as the preferred examination. PE can be ruled out
directly based on low-probability or negative scintigraphic
findings, and a diagnosis of PE can be made based on highly
suspected findings (5). As for moderately suspected patients,
pulmonary angiography may be advised; however, this may
extend the time to a confirmed diagnosis and even delay the
proper diagnosis and treatment.

In recent years, the spiral CTPA method has been
increasingly applied and considered as the gold standard for
diagnosis (5). It has a specificity of >95% in diagnosing PE,
and a very high negative predictive value. CT'PA has been
widely accepted as the preferred examination for suspected
non-massive and acute PE and should be completed within
24 hours of initiation of symptoms.

Although venography and pulmonary angiography have
been considered as the gold standard for the diagnoses of
DVT and PE, the cardiopulmonary reserve capacity should
also be adequately evaluated. The appropriate diagnostic
modalities should be carefully selected after balancing the
advantages and disadvantages. However, as for patients
with clinically highly suspected diagnosis of massive PE,
concomitant with contraindications for thrombolytic
agents or anticoagulants, pulmonary angiography can be
implemented directly and preparations for interventions
should be made, which may substantially reduce the time
and cost required for examinations.

Prevention of postoperative VTE
Principals of prophylaxis

The National Comprehensive Cancer Network (NCCN)
guidelines (5), 9th ACCP guidelines (19), the American
Society of Clinical Oncology (ASCO) guidelines (56),
the European Society of Medical Oncology (ESMO)
guidelines (21), the International Initiative on Thrombosis
and Cancer ITAC-CME) (4), all categorize hospitalized
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patients with active cancer as a group at high risk for
VTE, and should be considered for pharmacological
thromboprophylaxis throughout hospitalization, either
preoperatively or as early as possible after the operation.

In general, prevention measures include basic nursing
care, mechanical and pharmacological prophylaxis
(18,57,58). Pharmacological thromboprophylaxis with
unfractionated heparin (UFH) or low molecular weight
heparin (LMWH) is the most important measure and can
improve outcomes and reduce mortality rates in surgical
patients, including cancer patients (5,10,19,21,59).

In patients with lung cancer, especially for those at
high risk of VTE, proactive peri-operative prevention
interventions are important to lower the incidence of
VTE. The simplest way is to apply Caprini risk scale for
classification. For lung cancer patients at low risk for VIE
(scored 0—4), mobilization as early as possible, along with
mechanical prophylaxis are recommended. For lung cancer
patients at moderate risk (scored 5-8) who are not at high
risk for major bleeding, low-dose unfractionated heparin
(LDUH) or LMWH is recommended as anticoagulation
therapy, or mechanical prophylaxis. For lung cancer
patients at high risk for VTE (scored >9) who are at low or
moderate risk for major bleeding, chemoprophylaxis, along
with mechanical prophylaxis are recommended. For lung
cancer patients at high risk for VTE (scored >9) who are
also at high risk for major bleeding, mechanical prophylaxis
is the best choice of prevention method, chemoprophylaxis
should be added as soon as the risk of major bleeding
diminished (see Tible 4) (4,5,19,23,27,58,59).

Basic nursing care

The basic nursing care can play an important role in
prevention of postoperative VTE.

Encourage patients to mobilise as soon as possible
Early mobilisation is recommended. Some studies have
supported that early mobilisation may prevent stasis and
reduces subsequent risk of thrombi formation (53).

Leg exercises

The most simple, safe and effective way of increasing venous
return to the heart is leg exercises or leg elevation which can
contribute to the prevention of thrombi formation (60). For
patients with a severe condition, difficulty in mobilization,
or requirement for a long-term bed rest, mechanical devices
may use for continuous passive motion.

F Thorac Dis 2018;10(5):3039-3053



3046

Table 4 Recommendations for thromboprophylaxis in various groups

Li et al. Assessment and prevention of VTE after lung cancer surgery

VTE risk category Low- or moderate- risk for major bleeding

High risk for major bleeding

Low risk [0-4]
Moderate risk [5-8]

High risk [29]
(ES, IPC)

Early ambulation or mechanical prophylaxis

LDUH or LMWH, or mechanical prophylaxis (IPC)

Early ambulation or mechanical prophylaxis

Mechanical prophylaxis (IPC), initiate chemoprophylaxis as
soon as the risk of major bleeding diminished

LDUH or LMWH, plus mechanical prophylaxis Mechanical prophylaxis (IPC), initiate chemoprophylaxis as

soon as the risk of major bleeding diminished

Caprini RAM, Caprini risk assessment model; LDUH, low-dose unfractionated heparin; LMWH, low molecular weight heparin; ICP,
intermittent pneumatic compression; ES, elastic stockings; VTE, venous thromboembolism.

Avoid dehydration

It has been reported that perioperative dehydration is
closely associated with VTE. Therefore, dehydration after
surgery should be avoided unless clinically necessary (61).

Patients education

Patients with lung cancer should be educated about the
significance of VI'E. Advice the patients to improve their
lifestyle: smoking and alcohol cessation, control of blood
glucose or blood lipids, etc.

Mechanical prophylaxis
If the bleeding risk and thrombosis risk are both high,

mechanical prophylaxis using intermittent pneumatic
compression devices (IPC) is recommended (5).
Combinations with chemoprophylaxis are recommended
for patient at high risk for VI'E with low-moderate
risk of major bleeding. Mechanical prophylaxis is not
recommended as monotherapy except for patients at low
risk for VTE, or for patients with concomitant coagulation
disorders and/or at high risk for major bleeding when
pharmacological methods are contraindicated (see Tuble 4)
(5,27,58,62).

Pharmacological propbylaxis

General principals of pharmacological prophylaxis

Treatment for preventing thromboembolism should be
performed in all patients undergoing thoracic malignancy-
related surgeries. ACCP guidelines on perioperative VI'E
prevention recommend preoperative usage of in-hospital
thromboprophylaxis with either LDUH or LMWH
(18,19). For high-risk patients, mechanical prophylaxis
with sequential compression devices should be added.
Similar recommendations were proposed by the British
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NICE (27). The use of LMWH or LDUH as VTE
prophylaxis in cancer patients undergoing major cancer
surgery is recommended by the ESMO guidelines (21).

Patients undergoing chest and/or abdominal surgery
or procedure under minimally invasive or thoracotomy/
laparotomy for more than 30 minutes should receive the
postoperative treatment of LDUH or LMWH therapy,
unless there is active bleeding or the patient is at high-risk
of bleeding.

However, benefits of pharmacological prophylaxis should
be weighed against the risk of bleeding as bleeding could
lead to serious consequences. Therefore, pharmacological
prophylaxis should be initiated after weighing the bleeding
risk versus thrombotic risk (27).

Timing and duration of pharmacological prophylaxis
The timing of prophylaxis for surgical patients is a very
important issue. Current data are available confirming
the benefits of prophylactic anticoagulation during
perioperative period. Anticoagulant therapy should be
initiated preoperatively (2-12 hours prior to surgery) and
should be given postoperatively within 6-12 hours (63).

For patients at moderate risk of VTE, postoperative
prophylaxis of anticoagulation should continue for at least
7-14 days. For patients at a high risk (including those with
postoperative residual tumor, obesity, or a prior history of
VTE), the anticoagulation prophylaxis should be extended
to four weeks after surgery (42,64-66).

The most recent 2016 ACCP10 guidelines on VTE
prevention outline perioperative thromboprophylaxis
regimens for selected surgical populations. For patients
undergoing hip or knee replacement, there is grade 1B
evidence for short duration (10-14 days) and grade 2B
evidence for extended-duration thromboprophylaxis (32).
This recommendation is based on large randomized
controlled trials that have shown that extended post-
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operative prophylaxis (up to 42 days) is superior to in-
hospital prophylaxis only for the prevention of both
asymptomatic (screening venography detected) and
symptomatic VITE (67-72). The ASCO guidelines
recommend that all major cancer surgeries receive
prophylaxis starting before surgery and continuing for at
least 7-10 days, and extended prophylaxis recommended
for up to 4 weeks total for major high-risk abdominal or
pelvic surgery (19). However, there is no guidance from
either the ACCP (19) nor the ASCO (42) as to the need
for extended-duration prophylaxis in thoracic surgery
patients.

Drug recommendations
The existing anticoagulant drugs in China include UFH,
LMWH, fondaparinux, vitamin K antagonists (VKA)
and NOACs. LMWH is generally considered to be the
preferred anticoagulant for patients with cancer, and
fondaparinux sodium or warfarin-based prophylaxis may
be considered for patients who cannot tolerate LMWH or
UFH. The characteristics and recommended regimen of
several anticoagulants were described as follows:
UFH
Current data has confirmed that UFH was associated
with reduction in the odds of DVT formation in lower
extremities and reduction in the odds of PE, alone with
increase in the odds of nonfatal major bleeding (57).
To minimize the risk of major bleeding complication,
5,000 U UFH 3 times a day is recommended in clinical
practice and routine hemostasis monitoring (activated
partial prothrombin time, APPT) is required for adjusting
dosage (5).

Recommended dose for UFH is presented in Table 5.
LMWH
LMWH has the following features:

(I) Easy to use, allowing dose adjustment based on

body weight and subcutaneous injection;
(II) Relatively low incidence of severe bleeding
complications with improved safety profile;

(IIT) Routine hemostasis monitoring is not required.

Use of LMWH once a day is recommended to prevent
postoperative VTE in lung cancer patients. Pharmacological
prophylaxis should be started 2-12 h preoperatively
depending on different type of LMWH agents, and
continued for at least 5-10 days. There is no strong
evidence allowing conclusions regarding the superiority of
one type of LMWH over another.

Recommended doses for LMWH are presented in Table 5.
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Xa factor inhibitors
Xa factor inhibitors are characterized by a wide therapeutic
window and fixed doses. No routine hemostasis monitoring
is required during Xa factor inhibitor treatment. These
drugs can be applied for heparin-induced thrombocytopenia.
Compared with LMWH, Xa factor inhibitors can
significantly reduce the incidence of phlebothrombosis
without increasing the risk of bleeding. However, there is
no evidence to support fondaparinux as an alternative to
LMWH for the prophylaxis of postoperative VT'E in cancer
patients (4).

Recommended doses for Xa factor inhibitors are presented
in Tible 5.
VKA
VKA (e.g., warfarin) is an option for long-term treatment
of VTE in cancer patients (5). However, VKA have some
significant shortcomings including: (i) narrow therapeutic
window, with high individual variation; routine INR
monitoring is required to maintain the target INR of
2.0-3.0 by dose adjustment; INR >3.0 may increase the risk
of hemorrhage; and (ii) numerous medications and dietary
factors interact with warfarin and can increase or decrease
anticoagulation effect of warfarin. Therefore, VKA is not
recommended for surgical patients.
NOACs
There are currently few data of phase III trials on the safety
and efficacy in lung cancer of the NOACs. Use of NOACs
for prevention of VTE in patients with malignancy is not
currently recommended (58).
Contraindications and precautions for
thromboprophylaxis
Contraindications for thromboprophylaxis can be divided
into two categories: relative or absolute.

(I) Absolute contraindications: (a) recent active
bleeding and coagulation disorders; (b)
compartment syndrome; (c) severe cranial trauma
or acute spinal cord injury; (d) platelet count less
than 20x10°/L; and (e) heparin and LMWH are
contraindicated in patients with heparin-induced
thrombocytopenia (5);

(II) Relative contraindications: (a) prior history of
intracranial hemorrhage; (b) prior history of
GI hemorrhage; (¢) acute intracranial injury or
mass; (d) platelet count falling to [20-100]x10°/L;
and (e) patients with rheumatoid retinopathy (5);

(III) Precautions: (a) due to differences in mechanism of
action, molecular weight, unit, dose and activities
of anti-Xa and anti-IIa factors, only one drug
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Table 5 Dosage, route of administration and duration

Li et al. Assessment and prevention of VTE after lung cancer surgery

Recommended dose for patients at moderate

Anticoagulant risk of VTE

Recommended dose for patients at high risk of VTE

UFH
every 8 hours thereafter

Dalteparin (LMWH)
repeated once daily for 5-10 days

Enoxaparin (LMWH) 2,000 U (0.2 mL) or 4,000 IU (0.4 mL)/sc,
2-4 hours preoperatively, 4,000 IU daily

postoperatively, 5-10 days
Nadroparin (LMWH)

2,500 1U/sc, 2 1U/sc 4 hours preoperatively,

2,850 IU (0.3 mL)/sc, 2 hours preoperatively, 8

5,000 IU/sc, 2-4 hours preoperatively, repeated 5,000 IU/sc, 10-12 h preoperatively, repeated once daily

thereafter

5,000 IU/sc, 12 hours preoperatively, then once daily
postoperatively for 5-10 days. Alternatively, 2,500 IU/sc, 1-2
hours preoperatively followed by 2,500 IU/sc, 12 hours after
surgery, and then 5,000 IU once daily postoperatively for 5 to
10 days.

4,000 U (0.4 mL)/sc,12 (£3) hours preoperatively, 4,000 U,
daily postoperatively, 5-7 days

Weight-adjusted dose of 38 IU/kg/sc, 12 hours preoperatively,

hours postoperatively, followed by 0.3 mL daily repeated 12 hours postoperatively, daily basis on days 1-3,

for 5-7 days

Fondaparinux (indirect Xa 2.5 mg/sc, 6-8 hours postoperatively, once

factor inhibitor) daily for 5-10 days

10 mg/po, start from 6-10 hours
postoperatively, once daily for 5-10 days

Rivaroxaban (direct Xa
factor inhibitor)

VKA (Warfarin)
starting dose is 3.5 mg once daily, then
adjusted dose to maintain INR 2-3

Dose is adjustable based on INR. The typical

with 57 IU/kg/sc from day 4 for a minimum of 10 days

2.5 mg/sc, 6-8 hours postoperatively, once daily extended to
24 days

N/A

N/A

Sc, subcutaneously; UFH, unfractionated heparin; LMWH, low-molecular-weight heparin; VKA, vitamin K antagonists; INR, international

normalized ratio; N/A, not available.

can be used during the prophylaxis. Substitution
by another drug is not allowed. All instructions
for precautions and adverse reactions should
be followed for each drug; (b) for patients with
renal or hepatic impairment, the dosage should
be adjusted with caution. LMWH, Fondaparinux
sodium and Rivaroxaban should not be used in
patients with severe renal impairment;
(IV) Since major bleeding is the most serious
complication for medication, risk factors of major
hemorrhage should be assessed pre-operatively (19)
(Table 6).

Inferior vena cava filter

Inferior vena cava filters are not recommended for
primary VTE prophylaxis in cancer patients. Absolute
contraindication for mechanical and pharmacological VTE
prophylaxis or complications from anticoagulation are the
principal indication for inferior vena cava filter placement
and retrievable filter is recommended (5,27).
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Summary

Lung cancer patients are at high risk for developing
thrombosis and recurrent VIT'E complications following lung
cancer surgery. There are various risk factors related to the
development of VTE. An individual risk assessment model is
helpful to further stratify the risk and recommend appropriate
prophylaxis. Effective thromboprophylaxis reduces the risk for
VTE and improves outcomes. Thromboprophylaxis should
be mandatory part of perioperative care. Pharmacological
prophylaxis does not lead to increased bleeding risk. There is
relatively small amount of research and previous experience
in the lung resection population, so far the guidelines were
extrapolated based on other surgical specialties. However, there
is an emerging interest with some recent publications, and it is
therefore hoped that, with better collaboration and research,
robust local evidence becomes available, more thoracic surgery
guidelines could be developed.
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Table 6 Risk factors for bleeding complications

General risk factors

Active bleeding

Previous major bleeding

Known, untreated bleeding disorder

Severe renal or hepatic failure

Thrombocytopenia

Acute stroke

Uncontrolled systemic hypertension

Lumbar puncture, epidural, or spinal anesthesia within previous 4 h or next 12 h

Concomitant use of anticoagulants, antiplatelet therapy, or thrombolytic drugs
Procedure-specific risk factors

Abdominal surgery

Male sex, preoperative hemoglobin level <13 g/dL, malignancy, and complex surgery defined as two or more procedures, difficult
dissection, or more than one anastomosis

Pancreaticoduodenectomy
Sepsis, pancreatic leak, sentinel bleed
Hepatic resection

Number of segments, concomitant extrahepatic organ resection, primary liver malignancy, lower preoperative hemoglobin level, and
platelet counts

Cardiac surgery
Use of aspirin
Use of clopidogrel within 3 d before surgery
BMI >25 kg/m?, non-elective surgery, placement of five or more grafts, older age
Older age, renal insufficiency, operation other than CABG, longer bypass time
Thoracic surgery
Pneumonectomy or extended resection
Procedures in which bleeding complications may have especially severe consequences
Craniotomy
Spinal surgery
Spinal trauma

Reconstructive procedures involving free flap

(Reproduced with permission from Elsevier: Gould MK, et al. American College of Chest Physicians. Prevention of VTE in non-orthopedic
surgical patients: antithrombotic therapy and prevention of thrombosis, 9th edition: American College of Chest Physicians evidence-based
clinical practice guidelines. Chest 2012;141: e227S-77S). CABG, coronary artery bypass graft.
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