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ABSTRACT

Introduction: Patients experience numerous

transitions, including changes in clinical

status, pharmacologic treatment and

prophylaxis, and progression through the

physical locations of their healthcare setting as

they advance through a venous

thromboembolism (VTE) clinical experience.

This review provides an overview of these

transitions and highlights how they can

impact clinical care.

Methods: Major public resources (PubMed,

MEDLINE, and Google Scholar) were searched

using various combinations of the terms:

‘‘venous thromboembolism’’, ‘‘deep vein

thromboses’’, ‘‘pulmonary embolism’’,

‘‘transitions in care’’, and ‘‘hospital protocols’’

to identify narrative reviews, professional

guidelines, or primary manuscripts reporting

protocol development strategies and/or clinical

data, published in English from 2010 through

January 2015. The studies included in this

review were selected on the basis of extensive

reading of the literature and the author’s

clinical expertise.

Results: VTE treatment and prophylaxis is a

dynamic process requiring ongoing patient

assessments and adjustments to therapeutic

strategies as the patient progresses through

various hospital and outpatient settings.

Throughout these transitions in care,

physicians need to be vigilant of any changes

in the patient’s clinical condition which may

impact the patient’s risk of VTE, and re-evaluate

the intervention(s) employed when such

changes occur. A standardized,

interdisciplinary VTE clinical pathway

developed for medical patients with acute VTE

resulted in decreased utilization of hospital

resources and healthcare costs, suggesting that

further research is warranted in this area.

Conclusion: The prevention and management

of VTE can be optimized by the development

and local implementation of standardized

evidence-based clinical pathways.
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INTRODUCTION

Pathological blood clots in the venous

circulation, generally known as deep vein

thromboses (DVT), usually arise via one of

three pathogenic processes, sometimes referred

to as Virchow’s triad [1]: (1) hypercoagulability

of the blood, (2) reduced or static blood flow,

and (3) vessel damage because of injury or

disease [2, 3]. Pulmonary embolism (PE) results

when one or more of these abnormal clots break

away from the original site and travel to the

lungs where they can lead to serious

consequences. Together, DVT and PE comprise

venous thromboembolism (VTE) [4].

Approximately 350,000–900,000 patients in

the US experience a VTE episode each year,

and an estimated 100,000 of these will die

because of related complications—sobering

statistics which define the significant unmet

medical need for this patient population [4]. For

patients who experience an initial VTE episode,

approximately 50% go on to develop

post-thrombotic syndrome, which is

characterized by discomfort, discoloration,

swelling, and even ulcers in the affected limb

in severe cases [4, 5].

Current treatment guidelines support a

number of anticoagulation approaches, and

these are dependent on the clinical details of

an individual VTE event, the stage of the

disease, and any associated co-morbidities. For

example, treatment with low molecular weight

heparin (LMWH) or anticoagulation with a

direct oral anticoagulant (DOAC) is

recommended for acute episodes of VTE [6].

For proximal DVT or PE, at least 3 months of

treatment is recommended when these events

are associated with either a surgical procedure

or an unrelated and transient risk factor [5, 6].

On the other hand, if the VTE is associated with

active cancer, then extended therapy is

recommended with LMWH, which is preferred

over use of vitamin K antagonists [6]. LMWH

has also been reported to have similar efficacy

in preventing recurrent VTE, and to increase the

frequency of thrombus regression [7]. In

addition, the United States Food and Drug

Administration has recently approved four

DOACs for the treatment and/or prophylaxis

of VTE; apixaban (for the prophylaxis of DVT,

which may lead to PE in patients who have

undergone hip or knee replacement surgery; for

the treatment of DVT and PE; and for the

reduction in the risk of recurrent DVT and PE

following initial therapy) [8], dabigatran (for

the treatment of DVT and PE in patients who

have been treated with a parenteral

anticoagulant for 5–10 days; and to reduce the

risk of recurrence of DVT and PE in patients

who have been previously treated) [9],

edoxaban (for the treatment of DVT and PE

following 5–10 days of initial therapy with a

parenteral anticoagulant) [10], and rivaroxaban

(for the treatment of DVT and PE; for the

reduction in the risk of recurrent DVT and PE;

and for the prophylaxis of DVT, which may lead

to PE in patients undergoing knee or hip

replacement surgery) [11]. The role that each

of these newer agents will play in the

management of VTE will be defined by

ongoing clinical trials and real-world

experience over the next few years.

As a VTE episode progresses, patients will

most likely transition through a number of

defined clinical settings in advanced healthcare

environments [12]. These transitions may

include a progression from the emergency
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room (ER) to the intensive care unit (ICU).

Then, once the acute episode is stable, the

patient may be transferred to the ‘‘step-down’’

unit before being sent to a general

medical–surgical floor, and so forth, until the

patient is finally discharged [13]. These physical

transitions can parallel the patient’s progression

through the various stages of a VTE episode

including abnormal clotting events and their

sequelae, immediate treatment and long-term

management, and the potential for readmission

because of recurrent VTE [13].

Therefore, the initial VTE risk assessment

performed at first contact with the healthcare

system should require re-evaluation after each

transition. Any changes noted in the patient’s

overall VTE risk evaluation resulting from their

updated clinical status should call for

reconsideration of their ongoing VTE

prophylaxis, and any planned long-term

regimens [12, 14].

The objective of this narrative review was to

present an overview of the numerous

transitions patients experience as they progress

through VTE clinical events, and how these

transitions can impact their clinical care.

METHODOLOGY

Major public resources (PubMed, MEDLINE,

and Google Scholar), were searched using

various combinations of the terms: ‘‘venous

thromboembolism’’, ‘‘deep vein thromboses’’,

‘‘pulmonary embolism’’, ‘‘transitions in care’’,

and ‘‘hospital protocols’’ to identify narrative

reviews, professional guidelines, or primary

manuscripts reporting protocol development

strategies and/or clinical data, published in

English from 2010 through January 2015. The

publications included in this review were

selected on the basis of extensive reading of

the literature and expert clinical opinion. They

include guidelines that define management

strategies for the prophylaxis and

management of VTE patients, as well as

reports on how the development of

standardized clinical pathways can improve

management as a patient moves through the

various stages of their disease process and

related clinical care areas.

Compliance with Ethics Guidelines

This article is based on previously conducted

studies and does not involve any new studies of

human or animal subjects performed by any of

the authors.

CHANGES IN CLINICAL STATUS
MAY WARRANT UPDATES
TO A PATIENT’S OVERALL RISK
FOR VTE

The American College of Chest Physicians’

evidence-based clinical practice guidelines for

VTE prophylaxis, as well as those from the

International Consensus Statement on the

prevention and treatment of VTE, are defined

by a patient’s overall VTE risk and medical

status [15–17]. The relative risk of VTE,

including both DVT and/or PE, that may arise

during a hospital stay can vary significantly

depending on the underlying medical

condition of the patient. However, while the

number and type of VTE risk factors may

generally inform overall risk of VTE, there

does not yet exist a clinically validated

method to accurately predict specific VTE risk

for an individual patient [13]. The general

incidence of DVT events in hospitalized

patients varies by their medical/surgical

service, as shown in Table 1 [13].
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For medical patients in the acute phase of

their hospitalization, and who are considered to

be at low risk of thrombosis, pharmacologic or

mechanical prophylaxis is not recommended

[15]. However, if acutely ill medical patients are

at increased risk of thrombosis because of

immobilization and concurrent risk factors or

co-morbidities (e.g., age[40 years, prior history

of VTE, serious infection), then

thromboprophylaxis with LMWH, low-dose

unfractionated heparin (LDUH) two or three

times daily, or fondaparinux is recommended

[15, 17]. However, it should be noted that

extension of thromboprophylaxis beyond the

timeframe when the patient is immobilized, or

the full course of the acute hospital stay, is not

recommended in this patient population [15].

Prophylaxis with LMWH rather than LDUH is

also preferred as it may be administered as a

single injection daily, is associated with less

hemorrhagic complications and less

heparin-induced thrombocytopenia [17].

For patients with suspected or proven

hemorrhagic stroke or those with ischemic

stroke in whom the risks of prophylactic

anticoagulant therapy exceed the benefits,

mechanical thromboprophylaxis with

graduated compression stockings (GCS) or

intermittent pneumatic compression device

(IPCD) is recommended [17].

Mechanical thromboprophylaxis with GCS

or IPCD may also be considered in patients in

whom anticoagulant thromboprophylaxis is

contraindicated due to current bleeding or a

high risk of bleeding (e.g., patients with

multiple bleeding risk factors, or those with

active gastroduodenal ulcers, recent bleeding

[in the 3 months preceding admission], or

thrombocytopenia [\50,000 cells/lL]).

However, anticoagulant prophylaxis should be

initiated, in place of the mechanical

thromboprophylaxis, in cases where the

bleeding risk decreases and the risk of VTE

persists [15].

Recommendations for thromboprophylaxis

for patients who will undergo major orthopedic

surgery include the use of one of the following

pharmacologic or mechanical approaches:

LMWH; fondaparinux; dabigatran, apixaban,

rivaroxaban (for total hip or knee arthroplasty,

but not hip fracture surgery); LDUH;

adjusted-dose vitamin K antagonist; or an

IPCD for a minimum of 10–14 days [16, 17].

Aspirin, in conjunction with compression

devices, can be used for the prophylaxis of

VTE in high-risk patients undergoing

orthopedic surgery [18]. Note that the oral

factor Xa inhibitor anticoagulants, namely

apixaban and rivaroxaban, have been FDA

approved for DVT prophylaxis following hip

or knee replacement surgery. The

recommended duration of such prophylaxis is

10–14 days although it can be extended for up

to 35 days [16].

For patients undergoing major orthopedic

surgery who are at an increased risk for

Table 1 Risk of DVT in hospitalized patients [13]

Patient group DVT incidence
(%)

Medical patients 10–26

Major gynecological, urological, or

general surgery

15–40

Neurosurgery 15–40

Stroke 11–75

Hip or knee surgery 40–60

Major trauma 40–80

Spinal cord injury 60–80

Critical care patient 15–80

With no prophylaxis and routine objective screening for
DVT
DVT deep vein thromboses
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bleeding, either an IPCD or no prophylaxis is

recommended [16]. Inferior vena cava filters are

not recommended for primary prevention in

patients who have contraindications to both

pharmacologic and mechanical

thromboprophylaxis [16]. Further, Doppler (or

duplex) ultrasonography as a screening tool is

not recommended before hospital discharge

[16]. Additionally, thromboprophylaxis is not

recommended in patients with isolated lower

extremity injuries requiring immobilization, or

in patients without prior history of VTE who are

undergoing knee arthroscopy [16].

Patients with cancer have a 2-year

cumulative incidence of VTE between 0.8%

and 8%, depending on the type of malignancy

[19, 20]. Since VTE is a major cause of morbidity

and mortality in cancer patients, they may

benefit from prophylaxis and careful

monitoring for changes in their VTE risk levels

[20].

Thromboprophylaxis is generally not

recommended for outpatients with cancer who

have no additional risk factors for VTE [15];

however, for some high-risk patients this may

be a prudent approach [21]. On the other hand,

the majority of patients with cancer who have

been admitted to a hospital will require VTE

prophylaxis throughout their stay [21]. In

particular, it is suggested that multiple

myeloma patients who receive

anti-angiogenesis agents, along with

chemotherapy and/or dexamethasone, receive

thromboprophylaxis with either LMWH or

low-dose aspirin [21].

Thromboprophylaxis should be initiated

prior to major surgery for cancer, and then

extended for 7–10 days post-operatively. In

patients at high risk for VTE, prophylaxis

should be extended to 4 weeks after the

surgery [21]. For the first 5–10 days of

prophylaxis for VTE, LMWH is recommended.

This can be used for longer term prophylaxis

(approximately 6 months) [21, 22].

Current guidelines do not recommend the

use of DOACs for the treatment of VTE in

patients with cancer [21]. This is likely a result

of the low enrolment percentage of patients

with cancer. However, the results from a

number of ongoing clinical trials evaluating

their safety and efficacy in this patient

population are eagerly awaited to assess their

potential use [23].

Overall VTE risk in patients with cancer

should be periodically assessed because of the

likelihood that as their clinical status changes,

their VTE risk profile may change as well [21].

As an adjunct to any ongoing treatments,

oncology clinicians should educate their

patients regarding the signs and symptoms of

VTE [21].

As illustrated by the various guidelines and

recommendations, VTE prophylaxis and

treatment are dynamic processes requiring

ongoing assessment and periodic updates to

their management. The intermediate steps and

particular inflection points for each patient will

depend on their underlying medical condition

as they transition through the healthcare

system.

TRANSITIONS IN MEDICAL STATUS
AND MANAGEMENT

As a patient is diagnosed and treated for a VTE,

they can be expected to transition through

various stages of care, while concurrently

passing through distinct clinical care

environments in a formal healthcare setting

[24, 25]. For example, patients will likely

present to the ER where, depending on the

severity of the event, they may be admitted to

the ICU to receive aggressive medical
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intervention and nursing care. When their

clinical status improves, patients may proceed

as medically necessary to the ‘‘next’’ hospital

unit. Upon discharge from the hospital, they

will need appropriate follow-up and care,

including ongoing anticoagulation therapy

appropriate for their underlying condition.

In parallel, patients can also transition

through stages of care as their disease

progresses from an acute event to initial

treatment and response and on through what

may become a chronic condition. Upon

possible readmission, patients re-enter the

healthcare system with a more extensive

medical history, which will need to be

considered as ‘‘next-step’’ treatment options

are considered. If re-admitted to the same

facility, then continuity of care should be

straightforward. If admitted to another facility,

however, they will most likely require

additional, sometimes duplicative, workup

before appropriate treatment decisions can be

made.

One of the key questions for healthcare

professionals is how to identify those patients

who might be at risk of a recurrence and how

to best mitigate their chances of such.

Strategies to be considered should include

appropriate prophylaxis with a change of

anticoagulant if compliance or adherence is a

concern.

Patients often experience a number of

transition events as their treatment paradigm

develops over time. These will most likely

include different drugs and therapeutic

regimens, beginning with their initial

treatment for an acute VTE episode, on

through sub-acute treatment in the hospital

setting, and finally as they and their healthcare

team select appropriate therapeutic approaches

for the prevention of recurrent episodes

post-discharge.

The first stage of treatment usually begins

when a patient presents with an acute episode.

As a consequence of their rapid onset of action,

the first agent is usually a parenteral

anticoagulant such as LMWH, fondaparinux,

or unfractionated heparin (UFH), dosed either

subcutaneously or by intravenous infusion, to

achieve a rapid anticoagulation effect [24]. The

guidelines recommend concurrent initiation of

warfarin for ongoing therapy, since this drug

has the benefit of oral administration. It should

be noted that the process of transitioning from

the parenteral agent to full reliance on warfarin

can take several days since its effects on clotting

are predicated on time-dependent depletion of

individual vitamin K-dependent clotting factors

synthesized by the liver (protein C, protein S,

factors II, VII, IX, and X) [24]. Individual

institutions likely have identified the role of

fondaparinux in the acute setting, some

limiting this agent to those patients more

prone for heparin-induced thrombocytopenia

(HIT). While both are legitimate options, when

faced with a choice of UFH or LMWH, the latter

has the advantages of improved

pharmacokinetics and bioavailability. Use of

LMWH also obviates the requirement to check a

patient’s activated partial thromboplastin time

(aPTT) and make the necessary adjustments

needed to achieve therapeutic anticoagulation

if UFH is administered by continuous infusion.

In addition, UFH increases the risk of

osteopenia and has a higher incidence of HIT

[26–28]. Additionally, a course of UFH

(administered first as a bolus of 5000 U

followed by an infusion at the rate of 32,000

U/24 h) typically results in the ‘‘one-third

effect.’’ That is, at 6 h post-initiation,

approximately one-third of patients have

sub-therapeutic levels, and approximately

one-third have supra-therapeutic levels, so that

at this time point, only one-third of patients are
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in the therapeutic aPTT range [29, 30]. By 24 h,

approximately two-thirds of patients are in the

therapeutic range, still leaving approximately

one-third of patients needing further

adjustment in their dosing [29, 30]. Therefore,

despite the lower drug acquisition cost of UFH,

the lack of mandatory lab testing, the improved

efficacy and safety along with a lower nursing

burden would seem to favor LMWH.

In most cases, before a patient is ultimately

transferred home (from the hospital,

rehabilitation center, nursing care facility, etc.),

the injectable agent is replaced by an oral one to

minimize administration logistics and foster

patient adherence. The historical standard of

care has been to switch the patient to warfarin, an

agent that can be effective when regular

monitoring ensures appropriate dosing to

achieve its narrow therapeutic window

(international normalized ratio [INR] 2–3). In

fact, this is only accomplished 55–60% of the

time [26]. However, this can be challenging [27].

In addition, warfarin therapy is a leading cause of

medication-associated errors, adverse events,

and drug–drug and drug–food interactions.

Together, these therapeutic difficulties have set

the stage for the development of the current

generation of DOACs.

Further, if a patient has not achieved

stable anticoagulation on warfarin, is

intolerant of this therapy, or has been

re-admitted to the hospital because of another

VTE-related event resulting from medication

non-adherence, then it may be prudent to

consider a switch to one of the newer DOACs

(apixaban, dabigatran, edoxaban, or

rivaroxaban) in accordance with treatment

guidelines and appropriate prescribing

information for each agent [8–11].

Clinical care guidelines have been

established for switching patients between

individual DOAC therapies [31], and these

include transitions from parenteral to oral

medications such as warfarin and the DOACs

[31]. Suggested guidelines for such transitions

are presented in more detail in Table 2.

Another area of interest is bridging

anticoagulation, which can be defined as

treatment with a short-acting anticoagulant

(either LMWH administered subcutaneously, or

UFH via IV infusion) in patients where vitamin K

antagonist therapy has been interrupted, and

the INR is outside the therapeutic range [32].

LMWH and fondaparinux have

predictable pharmacokinetic and

pharmacodynamic properties, including rapid

anticoagulant effectiveness, and low risk of

clinically significant drug interactions [33].

Bridging therapy can be used to carefully

balance the relative risks of thromboembolism

versus pathological bleeding during high-risk

periods associated with certain diagnostic,

therapeutic, and/or surgical procedures.

Specific evidence-based bridging protocols are

recommended for individual clinical settings.

For example, in patients with VTE who are at

high risk for thromboembolism, bridging

anticoagulation is recommended during an

interruption of vitamin K antagonist therapy.

However, in patients at low risk for

thromboembolic events, bridging is not

recommended [32]. A complete discussion of

this topic is beyond the scope of this

manuscript, but the reader is directed to any of

the excellent reviews that address this topic in

detail.

CLINICAL PATHWAYS OF ACUTE
VTE

Acute VTE is a prevalent and potentially deadly

condition, especially when it is undiagnosed or

undertreated. Furthermore, if a VTE episode

Adv Ther (2016) 33:29–45 35



T
ab
le
2

R
ec
om

m
en
da
ti
on

s
fo
r
co
nv
er
si
on

be
tw
ee
n
va
ri
ou
s
an
ti
co
ag
ul
an
ts
(a
da
pt
ed

fr
om

H
el
le
rs
lia

an
d
M
eh
ta

[3
5]
)

Fr
om

T
o

A
ct
io
n

A
pi
xa
ba
n
[8
]

A
rg
at
ro
ba
n/
da
lte
pa
ri
n/

en
ox
ap
ar
in
/f
on
da
pa
ri
nu

x/
he
pa
ri
n

D
ab
ig
at
ra
n
or

ri
va
ro
xa
ba
n

W
ai
t
12

h
af
te
r
la
st
do
se

of
ap
ix
ab
an

to
in
it
ia
te

pa
re
nt
er
al
an
ti
co
ag
ul
an
t
or

D
O
A
C

W
ar
fa
ri
n

W
he
n
go
in
g
fr
om

ap
ix
ab
an

to
w
ar
fa
ri
n,

co
ns
id
er

th
e
us
e
of

U
FH

or
L
M
W
H

as
a

br
id
ge

(i
.e
.,
st
ar
t
he
pa
ri
n
in
fu
si
on
/L
M
W
H

an
d
w
ar
fa
ri
n
12

h
af
te
r
la
st
do
se

of
ap
ix
ab
an

an
d
di
sc
on
ti
nu

e
pa
re
nt
er
al
an
ti
co
ag
ul
an
t
w
he
n
IN

R
is
th
er
ap
eu
ti
c)

A
rg
at
ro
ba
n

A
pi
xa
ba
n,

da
bi
ga
tr
an
,o
r
ri
va
ro
xa
ba
n

[8
,9

,1
1]

St
ar
t
ap
ix
ab
an
,d

ab
ig
at
ra
n,

or
ri
va
ro
xa
ba
n
w
it
hi
n
2
h
of

st
op
pi
ng

ar
ga
tr
ob
an

D
al
te
pa
ri
n/

en
ox
ap
ar
in
/f
on
da
pa
ri
nu

x
If
no

he
pa
ti
c
in
su
ffi
ci
en
cy
,s
ta
rt
pa
re
nt
er
al
an
ti
co
ag
ul
an
t
w
it
hi
n
2
h
of

st
op
pi
ng

ar
ga
tr
ob
an

If
th
er
e
is
he
pa
ti
c
in
su
ffi
ci
en
cy
,s
ta
rt
pa
re
nt
er
al
an
ti
co
ag
ul
an
t
af
te
r
2–

4
h
of

st
op
pi
ng

ar
ga
tr
ob
an

W
ar
fa
ri
n
[3
6]

A
rg
at
ro
ba
n
m
us
t
ov
er
la
p
w
it
h
w
ar
fa
ri
n
un

ti
l
th
er
ap
eu
ti
c
IN

R
is
ac
hi
ev
ed
;
on
ce

IN
R

[
4
(a
nd

as
su
m
in
g
do
se
of

ar
ga
tr
ob
an

is
2
l
g/
kg
/m

in
or

le
ss
),
st
op

ar
ga
tr
ob
an

an
d

ch
ec
k
IN

R
4–

6
h
la
te
r

If
IN

R
2–

3,
th
en

th
er
ap
y
w
it
h
ar
ga
tr
ob
an

ca
n
be

di
sc
on
ti
nu

ed
al
to
ge
th
er
.I
fI
N
R
\
2,

re
st
ar
t
ar
ga
tr
ob
an
.I
f
IN

R
[
3,

st
op

ar
ga
tr
ob
an

an
d
co
ns
id
er

w
ar
fa
ri
n
do
se

ad
ju
st
m
en
t.
In
di
vi
du
al
ca
se
s
m
ay

va
ry
,p

le
as
e
co
ns
ul
t
w
it
h
a
he
m
at
ol
og
is
t
or

an
an
ti
co
ag
ul
at
io
n
sp
ec
ia
lis
t

D
ab
ig
at
ra
n
[9
]

A
rg
at
ro
ba
n/
da
lte
pa
ri
n/
en
ox
ap
ar
in
/

Fo
nd

ap
ar
in
ux
/h
ep
ar
in

If
C
rC

l
C
30

m
L
/m

in
,w

ai
t
12

h
af
te
r
la
st
do
se

of
da
bi
ga
tr
an

to
in
it
ia
te

ne
xt

an
ti
co
ag
ul
an
t
[9
]

If
C
rC

l\
30

m
L
/m

in
,w

ai
t
24

h
af
te
r
la
st
do
se

of
da
bi
ga
tr
an

to
in
it
ia
te

ne
xt

an
ti
co
ag
ul
an
t
[9
]

W
ar
fa
ri
n

Fo
r
C
rC

l
C
50

m
L
/m

in
,s
ta
rt
w
ar
fa
ri
n
3
da
ys

be
fo
re

di
sc
on
ti
nu

in
g
da
bi
ga
tr
an

Fo
r
C
rC

l
30
–5

0
m
L
/m

in
,s
ta
rt
w
ar
fa
ri
n
2
da
ys

be
fo
re

di
sc
on
ti
nu

in
g
da
bi
ga
tr
an

Fo
r
C
rC

l
15
–3

0
m
L
/m

in
,s
ta
rt
w
ar
fa
ri
n
1
da
y
be
fo
re

di
sc
on
ti
nu

in
g
da
bi
ga
tr
an

[9
]

Fo
r
C
rC

l\
15

m
L
/m

in
,n

o
re
co
m
m
en
da
ti
on
s
ca
n
be

m
ad
e
[9
]

A
s
da
bi
ga
tr
an

ca
n
in
cr
ea
se
IN

R
,t
he

IN
R
w
ill
be
tt
er
re
fle
ct
w
ar
fa
ri
n’
s
ef
fe
ct
on
ly
af
te
r

da
bi
ga
tr
an

ha
s
be
en

st
op
pe
d
fo
r
at

le
as
t
2
da
ys

D
al
te
pa
ri
na

A
rg
at
ro
ba
n/

en
ox
ap
ar
in
/f
on
da
pa
ri
nu

x

A
pi
xa
ba
n,

da
bi
ga
tr
an
,

or
ri
va
ro
xa
ba
n
[8
,9

,1
1]

R
ep
la
ce

th
e
ne
xt

da
lte
pa
ri
n
do
se

w
it
h
th
e
pa
re
nt
er
al
an
ti
co
ag
ul
an
t
or

D
O
A
C

W
ar
fa
ri
n

O
ve
rl
ap

th
er
ap
eu
ti
c
da
lte
pa
ri
n
do
se
w
it
h
w
ar
fa
ri
n
fo
r
at
le
as
t
5
da
ys
an
d
un

ti
lI
N
R
is

in
th
er
ap
eu
ti
c
ra
ng
e
fo
r
24

h

36 Adv Ther (2016) 33:29–45



T
a
b
le
2

co
nt
in
ue
d

Fr
om

T
o

A
ct
io
n

E
do
xa
ba
n
[1
0]

A
rg
at
ro
ba
n/
en
ox
ap
ar
in
/

fo
nd

ap
ar
in
ux
/h
ep
ar
in

A
pi
xa
ba
n,

da
bi
ga
tr
an
,

or
ri
va
ro
xa
ba
n

D
is
co
nt
in
ue

ed
ox
ab
an

an
d
in
it
ia
te

th
e
pa
re
nt
er
al
an
ti
co
ag
ul
an
t
or

ot
he
r
se
le
ct
ed

D
O
A
C

w
he
n
th
e
ne
xt

ed
ox
ab
an

do
se

is
du
e

W
ar
fa
ri
n

W
it
h
60

m
g
ed
ox
ab
an

do
se
,r
ed
uc
e
to

30
m
g
an
d
be
gi
n
w
ar
fa
ri
n
co
nc
om

it
an
tly

W
it
h
30

m
g
ed
ox
ab
an

do
se
,r
ed
uc
e
to

15
m
g
an
d
be
gi
n
w
ar
fa
ri
n
co
nc
om

it
an
tly

IN
R
m
us
t
be

m
ea
su
re
d
at

le
as
t
w
ee
kl
y
an
d
ju
st
pr
io
r
to

th
e
da
ily

do
se

of
ed
ox
ab
an
.

O
nc
e
IN

R
C
2
is
st
ab
le
,e
do
xa
ba
n
sh
ou
ld

be
di
sc
on
ti
nu

ed
,a
nd

w
ar
fa
ri
n
co
nt
in
ue
d

E
no
xa
pa
ri
n

A
rg
at
ro
ba
n/
da
lte
pa
ri
n/
fo
nd

ap
ar
in
ux

A
pi
xa
ba
n,

da
bi
ga
tr
an
,o
r
ri
va
ro
xa
ba
n

[8
,9

,1
1]

R
ep
la
ce

th
e
ne
xt

en
ox
ap
ar
in

do
se

w
it
h
th
e
pa
re
nt
er
al
an
ti
co
ag
ul
an
t
or

se
le
ct
ed

D
O
A
C

W
ar
fa
ri
n

O
ve
rl
ap

th
er
ap
eu
ti
c
en
ox
ap
ar
in

do
se
w
it
h
w
ar
fa
ri
n
fo
r
at
le
as
t
5
da
ys
an
d
un

ti
lI
N
R
is

in
th
er
ap
eu
ti
c
ra
ng
e
fo
r
24

h

Fo
nd

ap
ar
in
ux

A
rg
at
ro
ba
n/
da
lte
pa
ri
n/
en
ox
ap
ar
in

A
pi
xa
ba
n,

da
bi
ga
tr
an
,o
r
ri
va
ro
xa
ba
n

[8
,9

,1
1]

Si
m
pl
y
re
pl
ac
e
th
e
ne
xt

fo
nd

ap
ar
in
ux

do
se

w
it
h
th
e
pa
re
nt
er
al
an
ti
co
ag
ul
an
t
or

se
le
ct
ed

D
O
A
C

W
ar
fa
ri
n

O
ve
rl
ap

fo
nd

ap
ar
in
ux

w
it
h
w
ar
fa
ri
n
fo
r
at
le
as
t
5
da
ys
an
d
un

ti
lI
N
R
is
in

th
er
ap
eu
ti
c

ra
ng
e
fo
r
24

h

H
ep
ar
in

in
fu
si
on

A
rg
at
ro
ba
n/
da
lte
pa
ri
n/

en
ox
ap
ar
in
/f
on
da
pa
ri
nu

x

A
pi
xa
ba
n,

da
bi
ga
tr
an
,o
r
ri
va
ro
xa
ba
n

[8
,9

,1
1,

37
]

In
it
ia
te

pa
re
nt
er
al
an
ti
co
ag
ul
an
t
or

se
le
ct
ed

D
O
A
C

w
it
hi
n
2
h
af
te
r
di
sc
on
ti
nu

at
io
n

of
he
pa
ri
n
in
fu
si
on

E
do
xa
ba
n
[1
0]

D
is
co
nt
in
ue

in
fu
si
on
,a
nd

in
it
ia
te

ed
ox
ab
an

4
h
la
te
r

W
ar
fa
ri
n
[3
7,

38
]

O
ve
rl
ap

he
pa
ri
n
in
fu
si
on

w
it
h
w
ar
fa
ri
n
fo
r
at

le
as
t
5
da
ys

an
d
un

ti
l
IN

R
is
in

th
er
ap
eu
ti
c
ra
ng
e
fo
r
24

h

D
al
te
pa
ri
n/
en
ox
ap
ar
in
/f
on
da
pa
ri
nu

x
E
do
xa
ba
n
[1
0]

D
is
co
nt
in
ue

L
M
W
H

or
or
al
an
ti
co
ag
ul
an
t
an
d
in
it
ia
te

ed
ox
ab
an

at
th
e
ti
m
e
of

th
e

ne
xt

sc
he
du
le
d
do
se

of
th
e
cu
rr
en
t
an
ti
co
ag
ul
an
t

A
pi
xa
ba
n,

da
bi
ga
tr
an
,o

r
ri
va
ro
xa
ba
n

R
iv
ar
ox
ab
an

[1
1]

A
rg
at
ro
ba
n/

en
ox
ap
ar
in
/f
on
da
pa
ri
nu

x/
he
pa
ri
n

W
ai
t
24

h
af
te
r
ri
va
ro
xa
ba
n
di
sc
on
ti
nu

at
io
n
to

in
it
ia
te

pa
re
nt
er
al
an
ti
co
ag
ul
an
t

A
pi
xa
ba
n,

da
bi
ga
tr
an
,o

r
ed
ox
ab
an

D
is
co
nt
in
ue

ri
va
ro
xa
ba
n
an
d
be
gi
n
al
te
rn
at
iv
e
an
ti
co
ag
ul
an
t
at

th
e
ti
m
e
of

th
e
ne
xt

sc
he
du
le
d
ri
va
ro
xa
ba
n
do
se

W
ar
fa
ri
n

C
on
si
de
r
th
e
us
e
of

L
M
W
H

or
U
FH

as
a
br
id
ge

(i
.e
.,
st
ar
t
en
ox
ap
ar
in
/U

FH
in
fu
si
on

w
it
h
w
ar
fa
ri
n
w
he
n
ne
xt

do
se

of
ri
va
ro
xa
ba
n
is
du
e)

D
is
co
nt
in
ue

th
e
pa
re
nt
er
al
an
ti
co
ag
ul
an
t
w
he
n
IN

R
is
th
er
ap
eu
ti
c

Adv Ther (2016) 33:29–45 37



T
a
b
le
2

co
nt
in
ue
d

Fr
om

T
o

A
ct
io
n

W
ar
fa
ri
n

A
pi
xa
ba
n,

da
bi
ga
tr
an

[8
,9

]
St
op

w
ar
fa
ri
n.

W
ai
t
un

ti
l
IN

R
\
2,

th
en

in
it
ia
te

D
O
A
C

E
do
xa
ba
n
[1
0]

St
op

w
ar
fa
ri
n.

W
ai
t
un

ti
l
IN

R
B
2.
5,

th
en

in
it
ia
te

ed
ox
ab
an

R
iv
ar
ox
ab
an

[1
1]

St
op

w
ar
fa
ri
n.

W
ai
t
un

ti
l
IN

R
\
3,

th
en

in
it
ia
te

ri
va
ro
xa
ba
n

T
he

us
e
of

da
lte
pa
ri
n/
en
ox
ap
ar
in
/h
ep
ar
in

as
su
m
es

th
e
pa
ti
en
t
do
es

no
t
ha
ve

he
pa
ri
n
al
le
rg
y
or

he
pa
ri
n-
in
du
ce
d
th
ro
m
bo
cy
to
pe
ni
a

C
rC
l
cr
ea
ti
ni
ne

cl
ea
ra
nc
e,
IN

R
in
te
rn
at
io
na
l
no
rm

al
iz
ed

ra
ti
o,

L
M
W
H

lo
w
m
ol
ec
ul
ar

w
ei
gh
t
he
pa
ri
n,

D
O
A
C
di
re
ct

or
al
an
ti
co
ag
ul
an
t,
U
FH

un
fr
ac
ti
on
at
ed

he
pa
ri
n

a
W
hi
le
th
is
in
fo
rm

at
io
n
is
no
t
co
nt
ai
ne
d
in

th
e
da
lte
pa
ri
n
PI
,i
t
m
ay

be
co
ns
id
er
ed

ba
se
d
on

th
e
ph
ar
m
ac
ol
og
y
of

da
lte
pa
ri
n

38 Adv Ther (2016) 33:29–45



progresses to an advanced stage, management

may be expensive. From 2007 to 2009, the

annual incidence of VTE as a discharge

diagnosis of adult hospitalizations was

550,000. This disease process continues to

receive attention as a preventable public

health issue and patient safety measure.

Evidence-based protocols for diagnosing and

managing this complex condition are

continuously being developed [4].

One general strategy to optimize care for the

prevention and management of VTE would be

to develop a protocol based on a reiterative

process that is defined by a number of quality

Fig. 1 Sequence and relationships of steps in a quality
improvement project aimed at reducing the incidence of
hospital-acquired venous thromboembolism [13]. aA VTE
protocol offers decision support for risk stratification and a

menu of appropriate prophylaxis options for each level of
risk. VTE venous thromboembolism, QI quality
improvement
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control steps, and progressive self-assessments

to monitor the effectiveness of the evolving

pathway (Fig. 1).

Key steps in this process would include the

identification of existing protocols and current

practices, and how ‘‘next step’’ clinical

decisions are made and implemented for

individual patients depending on their

medical status [13]. To move beyond the

status quo, existing protocols would need to

be refined, with the eventual goal of defining

evidence-based protocols that standardize

procedures for each patient population and

clinical setting.

To this end, the current ‘‘delivery of care’’

protocols would need to be analyzed to identify

the steps that have the highest impact on

outcome quality. Investigators would need to

establish and track performance metrics at

regular intervals. This process would depend

on inexpensive, reliable, and direct assessments

of clinical regimens and outcomes.

Fig. 2 Flowchart detailing individual steps and assessments in the VTE care pathway. VTE venous thromboembolism
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More specifically, a VTE assessment protocol

would need to be an integral part of the overall

clinical workflow for patients in the hospital

setting, one which would fit into any

pre-existing metrics program already underway

at the institution in question. These ongoing

cycles of Plan–Do–Study–Act could then be

subject to interim analyses, with ongoing

re-assessments to improve the process as

needed.

Figure 2 outlines the general strategy for

monitoring clinical pathway assessments and

patient outcomes, which include initial VTE

risk assessment at intake, identification of

possible need for initial prophylaxis, and

appropriate follow-up with relevant clinical

support services. Throughout the

hospitalization, intermediate outcomes are

assessed at regular intervals (or when any

relevant changes in clinical status have been

identified) to ensure that the patient is receiving

appropriate VTE prophylaxis and/or care.

DEVELOPMENT
AND OPTIMIZATION
OF A CLINICAL PATHWAY FOR VTE
QUALITY CONTROL/CARE

In a hospital setting, significant variations of

VTE care and outcomes were identified based on

medical coverage payer. A VTE clinical pathway

was developed to standardize patient care

(thereby mitigating disparities), minimize

unnecessary utilization of hospital resources,

and educate both patients and providers [34].

This interdisciplinary pathway was focused on

medical patients with acute VTE. The strategy

comprised the development of prepared order

sets, system-wide educational programs and

tools, follow-up phone calls with patients, and

clear and coordinated post-hospital care [34].

Hospital admission outcomes, length of stay,

and reutilization were stratified by payer source

in study patients (n = 241) and historical data

(n = 234) (Table 3). Of the study patients, 107

presented with DVT (44.4%) and 134 with a PE

(55.6%) [34]. Significant differences were noted

in the rate at which VTE patients were

admitted, (65.9 versus 79.1%, uninsured

versus insured, respectively; P = 0.032). For

VTE patients admitted to the hospital who

followed a clinical pathway, the length of stay

decreased from 4.4 to 3.1 days (P\0.001), and a

similar trend was seen for the uninsured

patients (from 5.9 to 3.1 days; P\0.001) [34].

Interestingly, this reduction did not translate

into a decrease in ED revisits or readmission

rates. However, there was a significant

reduction in overall hospital expenses for

those patients admitted under a pathway

($7038), compared with those who were

treated according to historical procedures

($10,324; P = 0.044). Also, this reduction was

most pronounced in the uninsured cohort,

where the costs for pathway patients ($6375)

were significantly lower than for the patients

treated according to historical procedures

($14,420; P = 0.005) [34]. Further work in this

field is necessary.

Establishing an interdisciplinary and

standardized pathway of care for VTE patients

significantly lowered the utilization of hospital

resources and healthcare costs. Of importance

to institutions that provide care to uninsured

patients, overall cost savings were especially

significant for this population [34]. The findings

of this study present a model for improving

coordination of transitional care within local

community health clinics, and also the delivery

of appropriate medical care to vulnerable

populations with chronic medical conditions

[34].
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CONCLUSIONS

VTE is a common, dangerous, and potentially

expensive clinical condition that can benefit

from local implementation of standardized,

evidence-based clinical pathways to improve

individual patient care and minimize

unnecessary utilization of hospital resources.

These should include quality control steps to

monitor the effectiveness of the evolving

pathway, identifying steps that have the

highest impact on outcome quality and

refining the process as necessary.

Practitioners should continue to be ever

vigilant in their patient’s VTE risk assessment,

understanding that this may change

commensurate with changes in the patient’s

condition or physical location. Hence, an

evaluation of the intervention(s) employed,

pharmacological and/or mechanical, should

occur with such changes. In this way, VTE

patients will be satisfactorily managed as they

transition though the healthcare system.
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