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ew risk factors, symptoms and
Ibgroups of VTE

ecognize medications utilized to
eat VTE, indications and

ontraindications

Jtilize most current evidence-based
guidelines for prevention and duration
Of treatment therapy




sihrombosis (VTE) that originate
he venous system and embolizes to
lhe pulmonary arterial circulation

- DVT In veins of leg above the knee

- (>90%)
— DVT elsewhere (pelvic, arm, calf veins,
etc.)

. ) / \
— Cardiac thrombi {3 f@
> Air embolism. ‘ AV

» Fat embolism.




émioloy *'

d most common acute
Ardiovascular disease

- After coronary ischemia and stroke

Rate Is 98 (nonfatal) and 107 (fatal)
-~ events per 100,000 persons in USA
(650,000 yr)

— Over 300,000 hospitalizations and
50,000 deaths per year




)% (idiopathic PE's) have increased
Icidence of developing overt cancer

0-20% of persons with PE have

jJenetic thrombophilic disorders

Patients with PE are at increased risk
>1.5X) of death within 6 months of
diagnosis




finitions

Massive PE

Submassive PE

I

Minor/Nonmassive PE

High risk

Moderate/intermediate risk

Low risk

« Sustained hypotension (systolic
BP <90 mmHg for >15 min)

« Inotropic support
* Pulseless

« Persistent profound bradycardia
(HR <40 bpm with signs or

symptoms of shock)

« Systemically normotensive
(systolic BP >90 mmHg)

« RV dysfunction
« Myocardial necrosis

_—

RV dysfunction

* RV/LV ratio>0.90on CT
* Elevation of BNP (>90 pg/mL)

* ECG changes:

* RV/LV ratio > 0.9 or RV systolic dysfunction on echo

* Elevation of NTpro-BNP (>500 pg/mL)

* new complete or incomplete RBBB
 anteroseptal ST elevation or depression
* anteroseptal T-wave inversion

f et al. Circulation 2017;123(16):1788-1830.

« Systemically normotensive
(systolic BP >90 mmHQg)

* No RV dysfunction
« No myocardial necrosis
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disposing Fac

Or«

ulv U 'V 9 9 i

)yatients with PE; PE occurs in >50% of
>ases with confirmed DVT

Obesity ~40%

Cancer ~30%

“Heart Failure ~35%

- Surgery - ~20% (> 60 minutes)
Fracture ~20% (pelvic/femur)
Smoking (> 25 cigarettes/day)

- Shock

~ Air Travel - particularly >3100 miles




strogen
Especially in smokers on OCP

Estrogen replacement therapy (ERT):
Increase risk ~1.2-2X In current users

Factor V Leiden patients on OCPs may
have >30X increased risk of
thromboembolism

Trauma
Pregnancy: peri- and post-partum

I




e

disposing Factot

percoagulable States

Factor V Leiden - Resistance to Activated
Protein C (~12% of PE cases)

Factor Il (Prothrombin) 20210A mutation -
(~10% of PE cases) It was discovered In
1996 that a specific change in the genetic
code causes the body to produce an excess
of the prothrombin protein.

Protein C, S or Antithrombin Il Deficiency

Low levels of tissue factor pathway inhibitor
mEPI)




art Failure
“‘ hronic underlying lung disease
Recurrent PE < )
Elevated troponin (T or |)
Pulmonary Hypertension (P-HTN)

- BNP elevated brain natriuretic peptide or N-
terminal pro-brain natriuretic peptide (NT-
proBNP) predicts RV dysfunction and mortality

RV thrombus -have a higher 14-day mortality and
three-month mortality

- Overall, few patients have recurrent emboli,
particularly after initiation of therapy




hogenesis

W \J “

0ts migrate to pulmonary vasculature

- Most clots lodge in pulmonary arterioles
- or segmental arteries

Lodging at pulmonary artery bifurcation
" leads to "saddle" embolism

_.odged thrombi release
asoconstrictors

Serotonin
Thrombin
Endothelin




auses diffuse pulmonary vascular
sonstriction

P-HTN follows and can cause right heart
fallure, JVD not sensitive in acute P-HTN

Alveolar Dead Space

— Vascular blockade (full or partial) leads to
unperfused areas of lung

These areas are called dead space
(ventilated but not perfused)

Alveolar dead space increases in PE in
proportion to severity of vascular blockade




e

Ical Presentation

nsitive; high suspicion must be maintainec

Jleuritic chest pain in absence of dyspnea is
common first presentation

Dyspnea 77% (A-a gradient)
‘Tachypnea 70%
" Chest Pain 55% (usually pleuritic)
Tachycardia 43%
Cyanosis 18%
- Hemoptysis 13%
- Syncope 10%




N 4.59%
g Swelling 33%
2g Pain 30%
alpitations 12%

heezing 10%
\ngina-like pain 5%
sudden cardiac arrest with pulseless
2lectrical activity

Some have NO SYMPTOMS




Pulmonary Edema / Heart Failure
Asthma, COPD Exacerbation

Pneumothorax/rib fracture

- Musculoskeletal Pain, Costochondritis
Dissecting Thoracic Aneurysm
Anxiety / Panic Attack




picion should be hig ‘ |
actors or symptoms/signs are present

>70% of patients who die of PE are not
suspected of having it

Only ~35% of patients suspected of having
PE actually have it

PE testing is less reliable in older persons
than in younger persons

— Age is a major risk factor, particularly with
underlying predisposing conditions




Clinical symptoms of DVT (leg
swelling, pain with palpation)

Other diagnosis less likely than
pulmonary embolism

Heart rate >100

Immobilization (=3 days) or
surgery in the previous four
weeks

Previous DVT/PE
Hemoptysis

Malignancy

Traditional clinical probability
assessment (Wells criteria)

High >6.0
Moderate 2.0t0 6.0

Low <2.0

Simplified clinical probability assessment
(Modified Wells criteria)

PE likely >4.0

PE unlikely <4.0




ow clinical probabili
- D-dimer (level <500ug/L) to rule out =

- Lower extremity venous ultrasound
- (US) to rule in DVT

Helical CT angiography or V/Q
scanning

Contrast angiography
MRA




p—

tine Laboratory

v yS, U Jiele piood COL
coagulation parameters (PT, aPTT)
ECG with right sided leads

All patients should have an Arterial Blood Gas
(ABG, preferably on room air)

A PaO2 between 85 and 105 mmHg exists in
approximately 18 percent of patients with PE

Normal A-a gradient found in <6% of patients
with PE

High Sensitivity D-Dimer Test

Lower extremity venous US with doppler
measurements




(i

dDimer Artifact

al thrombosis
WVT/PE
Vi
CAD
CVA
- Malignancy
Pregnancy
Surgery
Trauma
R DIC
~ Afib
Limb ischemia
Renal failure
* Liver disease
 SIRS/Sepsis
» Sickle Cell




5 Changes

DS OMmMmolr
ECG is normal
- sinus rhythm:

Sinus Tachycardia
~extremely
common

Right Axis
Deviation; Q in Ill,
inverted T in Il

Right sided leads
should be

evaluated




“patients with PE overall )

About 60% of V/Q scans will be indeterminant
(intermediate + low probability)

Of intermediate probability scans, ~33%
occur with angiographically proven PE

Conclude: normal test rules out PE In ~98%
of cases

Note that low probability test still has ~15-
25% chance of PE

However, there were no deaths due to PE
within 6 months in a study of 536 patients
with low probability scans




0 evaluate for DVT as possible cat
- of PE or to help rule in PE

- Up to 40% of patients with DVT without
- PE symptoms will HAVE a PE by

angiography
Pelvis blinded area

A positive US with abnormal V/Q rules
IN a PE




lelical CT scanning produce

volumetric two-dimensional image of
lung

This Is accomplished by giving IV

contrast agent and rotating detector
around the patient

PE appears as a filling defect that may
be central, eccentric or mural

— The embolism may completely or
- partially occlude the vessel




eported sensitivity 83% in PIOPEL
- specificity 96% in PIOPED Il N Engl J
Med. 2006 Jun 1;354(22):2317-27.

Test Is very quick, requires IV contrast
and careful interpretation and is costly

Helical CT increases the diagnosis of
PE and reduce angiography




IS has been the gold standard fc
diagnosis but it is highly invasive May
be morbid with worsening shortness of
breath, artery perforation

The pulmonary catheter may also be
used therapeutically (angioplasty)

Positive result is a filling defect or
sharp cutoff in a pulmonary artery
branch

Angiography can be avoided in most
patients by using other tests




echniques for use of MRA fa
diagnosing PE are evolving rapidly
Estimated sensitivity ~80% (~100% for
larger emboli), specificity 95%

Non-invasive with little morbidity
Dynamic gadolinium enhancement is
used, allowing high quality images
Strongly consider prior to standard
Invasive pulmonary angiography




of VT

eased risk of thrombo 0rine
stems), LMWH, LDUH, BID/TID (Grade

3)

ow risk of thrombosis, no use of pharm or
mech prophylaxis (Grade 1B)

one for patient who are bleeding or high
ISk for bleeding (Grade 1B)




ically Ill Patien

Iggest use of LMWH/LDUH over
ne (2B)

leeding or risk of bleeding suggest
ech (2C)

Vhen bleeding risk decreases,
suggest that pharm be started (2C)



svention of \

y low risk for VTE-no need for
harm (1B) or mech (2C) use early
10Dbility
ow risk, mech over pharm (2C)
viod risk for VTE and not at risk for

oleeding, LMWH/LDUH (2B), mech
2C) over no use

od risk VTE and high risk for
bleeding, mech over pharm (2C)




High risk for VTE, risk for major
bleeding, mech and then start pharm

- when risk over (2C)

. |VC should not be used for primary
prevention (2C)

» No serial US screen (2C)




ovoked left proximal leg deep venous thromba
ths ago. Following initial anticoagulation with low- .
dlecular-weight heparin, he began treatment with warfarin.
R testing done every 3 to 4 weeks has shown a stable
2rapeutic INR. He has mild left leg discomfort after a long
y of standing, but it does not limit his activity level. He
)lerates warfarin well. Family history is unremarkable, and he
akes no other medications.

ch of the following is the most appropriate management?
Continue anticoagulation indefinitely

Discontinue warfarin in another 3 months

Discontinue warfarin now

Discontinue warfarin and perform thrombophilia testing




lectives

>ognize subgroups of V
aview medications for VTE
nticoagulation

earn guidelines for duration of

herapy
nderstand differences in therapy
pased on type of VTE




g

ncer-associated vs NG
'ovoked vs Unprovoked
roximal vs Distal DVT

Jpper extremity vs Lower extremity
VT




NOAC — preferred! (Grade 28

'Rivaroxaban, apixaban
« No bridging needed
Dabigatran, edoxaban

 Start with parenteral anticoagulation x5 days

f contraindications to NOAC, then
Ise VKA therapy (warfarin) (Grade 2c)

— Overlap with parenteral anticoagulation
x5 days,

— And INR >2 for 24 hours




Historical result summary

e DOACs were non-inferior to warfarin

* DOACGs have similar to less bleeding than warfarin
— Dabigtran has similar major bleeding
— Rivaroxaban had less CNS bleeding
— Apixaban had less overall bleeding

* DOACs are approved for VTE treatment
— Favored over warfarin if CrCl and liver ok
— Warfarin is preferred for pts with renal dysfunction
— Cost issues
— Patient concern over short follow-up of data




reme BMI (>4C
Cl <30
atient who doesn’t like idea of “no

nown reversal agent/strategy”
except apixaban
Eliquis), rivaroxaban (Xarelto))

Significant increased risk of bleeding




ncer-Associated

| VIWH (Grade 2C)
noxaparin 1 mg/kg/dose BID

oming changes???




light >8h




/er extremity DV ‘
Proximal — Popliteal or more proximal
veins
Distal — Calf veins

Jpper extremity DVT

Proximal — Axillary or more proximal
veins

l
— Catheter-associated




Duration o

F‘* "

Isolated
Distal
DVT

' Upper

Cancer- X
extremity

associated

Proximal
DVT or PE

Provoked

Low
bleeding
risk

3 months
(Grade 1B)

Extended

therapy

\ (first VTE -

1 Grade 2B,
second VTE -

Grade 1B)

Unprovoked

Mod
bleeding
risk

Extended
therapy

(first VTE -
Grade 2B,
second VTE -
Grade 2B)

High
bleeding
risk

3 months
(first VTE -
Grade 1B,

second VTE -
Grade 2B)

Mild
symptoms
or high
bleeding
risk

Serial
imaging
x2 weeks
(Grade 2C)

Extending
thrombus

Anticoagulate
(Grade 1B, 2C)

Severe
symptoms
or risk for
extension

Anticoagulate
(Grade 2C)

Extended

therapy
(Grade 1B)

DVT

Anticoagulate
(Grade 2C)




Proximal

Anticoagulate

Catheter still
needed?

Yes

Leave catheter in
and anticoagulate

Catheter-
associated

Catheter
functional?

No

Remove and
anticoagulate
X3 months




¢ Factors for

tensive thrombus

>5cm long, involves multiple veins, >7mm
diameter

Thrombus close to proximal veins
No reversible provoking factor
Active cancer

History of VTE




oirin is NOT a reasonable
ernative to anticoagulation for
xtended therapy

Much less effective at preventing

- recurrent VTE

However, aspirin Is better than
othing (Grade 2B)




I

erapeutic warfarin or NOAC,
Ien switch to enoxaparin temporarily
ninimum 1 month) (Grade 2c)

S this really recurrent VTE?

S my patient compliant with therapy?
— Is there underlying malignancy?

f on enoxaparin and compliant, then
ncrease the dose by 25-33% (Grade 2¢)




vV CALI U O

/oked Ieft proximal Ieg deep venous thrombosis 3 ma
owing initial anticoagulation with low-molecular-weight heparin,
pegan treatment with warfarin. INR testing done every 3 to 4
eks has shown a stable therapeutic INR. He has mild left leg
comfort after a long day of standing, but it does not limit his
Ivity level. He tolerates warfarin well. Family history is

remarkable, and he takes no other medications.
|

h of the following is the most appropriate management?
Continue anticoagulation indefinitely

Discontinue warfarin in another 3 months

Discontinue warfarin now

Discontinue warfarin and perform thrombophilia testing




Provoked

Proximal

DVT or PE

—

Unprovoked

Isolated
Distal DVT

Mild
symptoms
or high
bleeding

Severe
symptoms
or risk for
extension

Cancer-
associated

Extended
therapy

Upper
extremity
DVT

Anticoagulate

Low to risk

High
bleeding _
bleeding risk irﬁg”ﬁ:
risk ng 9
3 weeks

months

moderat
e

Anticoagulate
|

' Extended
therapy

Extending
thrombus

Anticoagulate




ed left proximal leg deep venou
nving initial anticoagulation with low- molecular- -weight hepe
)egan treatment with warfarin. INR testing done every 3 to 4
eks has shown a stable therapeutic INR. He has mild left leg
omfort after a long day of standing, but it does not limit his
livity level. He tolerates warfarin well. Family history is
remarkable, and he takes no other medications.

|

h of the following is the most appropriate management?
ontinue anticoagulation indefinitely

Discontinue warfarin in another 3 months

Discontinue warfarin now

Discontinue warfarin and perform thrombophilia testing




ACs are preferred over warfe
I anticoagulation

xcept if VTE is cancer-associated,
1EN use enoxaparin

Juration of therapy Is usually 3
onths, with extended therapy based
on risk factors for recurrent VTE

|




patients hospitalized for an acute
adical illness who are at risk due to
oderate or severe restricted mobility and
her risk factors for VTE.

fficacy was measured in 7,441

Fewer events were observed in patients
receiving betrixaban (4.4%) compared with
enoxaparin (6%)

The most common adverse reactions

(25%) with betrixaban were related to
bleeding.




[t

4% of patients receiving betrixaban
2Xperienced at Ieast one adverse reaction

> frequency of patients reporting serio
dverse reactions was similar between

Jetrixaban (18%) and enoxaparin (17%).

he most frequent reason for treatment
discontinuation was bleeding, with an

incidence rate for all bleeding episodes of
2.4% and 1.2% for betrixaban and
enoxaparin, respectively.

The incidence rate for major bleeding
episodes was 0.67% and 0.57% for
betrixaban and enoxaparin, respectively.




ynamically unstable
ombolysis or embolectomy needed
ive risk or significant risk of bleeding
Xygen required to keep saturation > 94% for > 24 hours

Imonary embolism during anticoagulation therapy

 pain medications within the last 24 hours

Aedical or social issues that require in-hospital stay
Sreatinine clearance < 30 ml/min
>evere liver dysfunction

regnancy
Istory of HIT
y question illicits a YES the patient cannot be treated as an
patient




Usually given to patients with
~ echocardiographic evidence of right
heart strain / faillure Massive PE

Fibrin-specific agents, which include
alteplase (tPA), reteplase and
tenecteplase

Non-fibrin-specific agent -
streptokinase is not widely used in the
United States but is still used
elsewhere because of its lower cost.




Lo
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Nrombectomy

Surgical thrombectomy nIy In very
selective cases

E Perioperative mortality is 25-50%

— Massive pulmonary embolism where
thrombolysis contraindicated

“In acute
diseases,,,
coldness of the

extremities,,
is a very bad
sign.”



May also be used for patients in whom
anti-coagulation is contraindicated

Can be used as adjunct in massive PE
where thrombolysis is not an option

I\VC filters are being used for PE
prophylaxis in select groups of patients




olications — rare but 1de

ymplications related to the insertion
‘ocess (eg, bleeding, venous thrombosis
t the insertion site).

ter misplacement.
Silter migration.

ter erosion and perforation of the IVC
all.

\/C obstruction due to filter thrombosis.




until 1990’s was there serious study in
dren

J01 34 cases/10,000 by 2007 70% increase

cidence peaks in < 1 year and then very low
ates until early adolescence

se
[hrombin inhibitors are low until 6 m

Arterial caths (prophylactic heparin decreases
ncidence from 40% to < 8%)

entral lines can account for 45% of VTE
Surgery and immobilization (though very low)
Malignancy (and associate central cath)
Inherited clotting disorders
‘Congenital heart disease-prosthetic valves




% patient compliance

3gs exercises and ambulation more
fective

Straighten

i




E and Covid

Idies reveal that 10-40% o
atients have VTE

)-dimer IS useless as i1t will be
abnormal

Best screening Is with US of LE and
POCUS ECHO

Not all VTE needs to be treated in the
ICU/intubated-Henry Ford treated
nearly 70% outside of the ICU




n1at is Causi
i

UNnd to have an autoimmune AE
90% of cases

ame AB as seen in APLS

_causes apoptosis, destroys the
ntravascular lining and contributes to
lot formation

It causes a self-amplifying cycle of
“Inflammation and Clotting”




d out what is driving this AB
)rmation

Vould this be a place for the
convalescent plasma?

se of plasmaphresis?

e know that LMWH carries with it
anti-inflammatory action-use this
empirically on all Covid patients that
“‘crash’-desat, hemodynamically
unstable, RH strain, elevated CVP




R-RCT looking at the use o
Ipyridamole as a clot reducing agent
Covid patients

nternational Society of Thrombosis

and Hemostasis (ISTH)-suggesting
the use of LMWH on ALL Covid
positive hospitalized patients

Austrian study-looking at the use of
statin to stabilize the vascular wall




VTE I1s common among all patien
- populations

» Assessment of VTE and bleeding risk
should be done on all patients

- Mechanical and pharm regimens have
been proven to be effective for prophylaxis

- NOACs have changed VTE management
- There will always be a role for warfarin
. Get patients moving!!!!




