*** Warning ***

FDA Drug Safety Communication: Changes to the Heparin
Sodium USP Monograph

Safety Announcement

[04-07-2010] Laboratory studies performed at the request of the U.S. Food and Drug
Administration (FDA) have shown that Heparin Sodium, USP (heparin) made under the new
United States Pharmacopeia (USP) Monograph ("new heparin") has approximately 10% less
blood-thinning (anticoagulant) activity compared to heparin prepared using the previous ("old")
USP Monograph. The studies were performed in order to better understand the clinical impact
of the change in potency for heparin.

The FDA first alerted the public to changes in the potency of heparin in a Public Health Alert in
October 2009.

The results of these studies reinforce FDA's previous recommendation for healthcare
professionals to exercise clinical judgment in determining the dose of heparin for a
patient and consider the clinical circumstances where the potency decrease may
require dosage adjustments and more frequent monitoring.

Healthcare professionals should be aware that heparin products, i.e., those made using both
the old and the new USP standards may be available for some time. Healthcare professionals
may wish to consider not using the products interchangeably. Pharmacies and hospitals may
wish to consider separating the supplies of old and new heparin and exhausting the supplies of
"old" heparin before transitioning to the "new" product (see Table below, "How to Identify
Heparin Products made to the New USP Standard").

Additional Information for Healthcare Professionals

FDA recommends that healthcare professionals:

* Be aware that there is an approximate 10% decrease in the anticoagulant activity
(potency) of the "new heparin" compared with the "old heparin."

* Continue to exercise clinical judgment in determining the dose of heparin.

* Continue to individualize heparin dosing to the specific patient/patient-specific clinical
situation.

* Understand that the labeling for heparin, including the recommended doses for heparin
has not changed.

* Consider those clinical circumstances where the potency decrease may require dosage
adjustments and more frequent monitoring, such as where aggressive anticoagulation is
essential to the treatment of the patient, including:



o pediatric patients undergoing extracorporeal membrane oxygenation
o adults and children undergoing cardiopulmonary bypass
o the treatment or prevention of life-threatening thromboses

* Report any adverse events associated with the use of heparin

Data Summary

Studies to assess differences in heparin activity were performed in animals (in-vivo) and in
human plasma (in-vitro). The results of the human plasma and animal studies were consistent
in demonstrating an approximate 10% decrease in heparin activity of the "new" heparin
products compared to "old" heparin products. The average activated partial thromboplastin
time (aPTT) response to a dose of heparin changed in a dose-proportional manner.

The same studies also demonstrated that there were large individual variations in aPTT
responses to a given dose of heparin. Therefore, in a clinical setting, a 10% decrease in
heparin dose might not be reflected in the results of an aPTT or ACT (Activated Clotting Time)
for an individual patient.

Given the inherent individual variability in response to a dose of heparin, a 10% decrease in
heparin activity (potency) is not likely to have clinical significance. However, special clinical
situations such as cardiac surgery and/or use in pediatric patients may require more intensive
monitoring to achieve optimal therapeutic response. Since heparin therapy is routinely titrated
to each patient (there are many patient-specific factors that can influence heparin dosing) the
usual method of individualizing dosing will continue to ensure patient safety.

Table to Distinguish Between "New" and "Old" Heparin

Since new heparin will be available, starting October 2009 there will likely be supplies of both
the old and new heparin stocked for use in hospitals and pharmacies for a period of about
three years. Facilities that have stocks of old and new heparin may wish to consider
segregating stores of the old heparin from the new and using the "old" heparin products first.
The table below provides information on how to distinguish between the old and new product
and company website for additional information.



How to Identify Heparin Products made using the New USP Standard

Manufacturer (Date) How to Additional Information/Company
Availability of Identify the Contact
Lots Made to | New Product
the New USP
Standard
APP October 2009 "N" will appear | http://www.appdrugs.com
after the
Expiration Date
B. Braun October 2009 "N" will appear | http://www.bbraunusa.com
after the Lot
Number
Hospira October 2009 Lot Numbers http://www.hospira.com/Files/HeparinUSP.pdf
will begin with
the number
"82" or higher
Baxter October 2009 "N" will appear | http://www.baxter.com/index.html

before the Lot
Number




I( : S I Health Care Guideline:

Venous Thromboembolism Diagnosis and Treatment

INSTITUTE FOR CLINICAL
SYSTEMS IMPROVEMENT

Tenth Edition
February 2010

The information contained in this ICSI Health Care Guideline is intended primarily for health profes-
sionals and the following expert audiences:

* physicians, nurses, and other health care professional and provider organizations;

* health plans, health systems, health care organizations, hospitals and integrated health care
delivery systems;

* health care teaching institutions;

* health care information technology departments;

* medical specialty and professional societies;

e researchers;

» federal, state and local government health care policy makers and specialists; and
* employee benefit managers.

This ICSI Health Care Guideline should not be construed as medical advice or medical opinion related to
any specific facts or circumstances. If you are not one of the expert audiences listed above you are urged
to consult a health care professional regarding your own situation and any specific medical questions
you may have. In addition, you should seek assistance from a health care professional in interpreting
this ICSI Health Care Guideline and applying it in your individual case.

This ICSI Health Care Guideline is designed to assist clinicians by providing an analytical framework
for the evaluation and treatment of patients, and is not intended either to replace a clinician's judgment
or to establish a protocol for all patients with a particular condition. An ICSI Health Care Guideline
rarely will establish the only approach to a problem.

Copies of this ICSI Health Care Guideline may be distributed by any organization to the organization's
employees but, except as provided below, may not be distributed outside of the organization without
the prior written consent of the Institute for Clinical Systems Improvement, Inc. If the organization is
a legally constituted medical group, the ICSI Health Care Guideline may be used by the medical group
in any of the following ways:

* copies may be provided to anyone involved in the medical group's process for developing and
implementing clinical guidelines;

* the ICSI Health Care Guideline may be adopted or adapted for use within the medical group
only, provided that ICSI receives appropriate attribution on all written or electronic documents;
and

* copies may be provided to patients and the clinicians who manage their care, if the ICSI Health
Care Guideline is incorporated into the medical group's clinical guideline program.

All other copyright rights in this ICSI Health Care Guideline are reserved by the Institute for Clinical
Systems Improvement. The Institute for Clinical Systems Improvement assumes no liability for any
adaptations or revisions or modifications made to this ICSI Health Care Guideline.
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Foreword

Scope and Target Population

Adult patients age 18 and over with venous thromboembolism (VTE), excluding those with familial bleeding
disorders or pregnancy.

Clinical Highlights and Recommendations

A clinical pretest probability assessment should be completed in patients with suspected venous throm-
boembolism. (Annotations #2, 17; Aim #4)

D-dimer can be used as a negative predictor to eliminate need for further testing. (Annotations #4, 10,
17; Aim #4)

Confirm diagnosis of deep vein thrombosis (DVT) with imaging study, preferably duplex ultrasound
(with compression). (Annotation #13; Aim #4)

In patients with a high clinical pretest probability for pulmonary embolism (PE), begin anticoagulation
without delay. (Annotation #17; Aim #4)

Computed tomographic angiography combined with clinical pretest probability scoring and D-dimer
testing has the predictive value to safely diagnose or rule out pulmonary embolism in patients. Additional
diagnostic testing is necessary only when clinical symptoms persist or progress. (Annotation #17; Aim
#4)

Achieve rapid effective anticoagulation with low-molecular-weight heparin (LMWH)/fondaparinux.
(Annotation #35; Aim #1)

In patients with acute VTE, heparin (UFH, LMWH or fondaparinux) should be given for at least five
days and until the INR > 2.0 for two consecutive days. (Annotations #35, 36; Aim #1)

Arrange for home therapy in appropriate patients. (Annotation #39; Aim #5)

Graduated compression stockings may help prevent post-phlebotic syndrome. All patients should be
assessed for the need for graduated compression stockings (not Teds). (Annotation #43; Aim #1)

Patient to be treated three to six months for acute thrombosis followed by re-evaluation of ongoing risks
to determine the need for ongoing anticoagulation therapy to prevent recurrent events. (Annotation #43;
Aim #3)

Priority Aims

1.
2.
3.

Prevent progression or recurrence of thromboembolic disease. (Annotations #13, 43)
Reduce the risk of complications from anticoagulation therapy. (Annotation #43)

Improve the safety of using medications by reducing the likelihood of patient harm associated with the
use of anticoagulation therapy. (Annotations #35, 36, 37, 42,43, 44)

Improve accurate diagnosis and treatment of venous thromboembolism (VTE). (Annotations #14,
25)

Increase the percentage of patients who are evaluated for medication reconciliation upon change in level
of care, and/or upon discharge. (Annotations #41, 42, 43)

www.icsi.org
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Key Implementation Recommendations

The following system changes were identified by the guideline work group as key strategies for health care
systems to incorporate in support of the implementation of this guideline.

1. Implement a defined anticoagulation management program to individualize the care provided to each
patient receiving (anticoagulation) therapy. (2010 Joint Commission/National Safety Goal)

2. (Clinics and Hospitals): Develop systems for monitoring the effects of anticoagulation therapy (heparin,
low-molecular-weight heparin, warfarin and other anticoagulants) to include monitoring of outpatient
therapy.

e Use of standardized practices/protocols that include patient involvement. (2010 Joint Commission/
National Safety Goal)

3.  When heparin is administered intravenously and continuously, the organization should use program-
mable infusion pumps. (2010 Joint Commission/National Safety Goal)

4. Develop systems for providing patient/family education that includes the importance of follow-up
monitoring, compliance issues, dietary restrictions, and potential adverse drug reactions and interac-
tions.

e Patient education to include documentation of the patient's own awareness of his/her risk for venous
thromboembolism (VTE) signs and symptoms of venous thromboembolism and when/how to seek
treatment, and demonstrated understanding of the prescribed anticoagulation regimen. (2010 Joint
Commission/National Safety Goal)

5. Develop apolicy for providing organizational education regarding anticoagulation therapy to prescriber(s),
staff, patients and families. (2010 Joint Commission/National Safety Goal)

6. Develop protocols for the initiation and maintenance of anticoagulation therapy appropriate to the
medication used, to the condition being treated, and to the potential for drug interactions. (2010 Joint
Commission/National Safety Goal)

Related ICSI Scientific Documents

Guidelines
e Antithrombotic Therapy Supplement
e Venous Thromboembolism Prophylaxis

Order Sets

e Venous Thromboembolism Prophylaxis for the Medically I11 Patient Order Set

www.icsi.org

Institute for Clinical Systems Improvement 6



Venous Thromboembolism Diagnosis and Treatment
Foreword Tenth Edition/February 2010

Disclosure of Potential Conflict of Interest

ICSI has adopted a policy of transparency, disclosing potential conflict and competing interests of all indi-
viduals who participate in the development, revision and approval of ICSI documents (guidelines, order
sets and protocols). This applies to all work groups (guidelines, order sets and protocols) and committees
(Committee on Evidence-Based Practice, Cardiovascular Steering Committee, Women's Health Steering
Committee, Preventive & Health Maintenance Steering Committee and Respiratory Steering Committee).

Participants must disclose any potential conflict and competing interests they or their dependents (spouse,
dependent children, or others claimed as dependents) may have with any organization with commercial,
proprietary, or political interests relevant to the topics covered by ICSI documents. Such disclosures will
be shared with all individuals who prepare, review and approve ICSI documents.

No work group members have potential conflicts of interest to disclose.

Introduction to ICSI Document Development

This document was developed and/or revised by a multidisciplinary work group utilizing a defined process
for literature search and review, document development and revision, as well as obtaining input from and
responding to ICSI members.

For a description of ICSI's development and revision process, please see the Development and Revision
Process for Guidelines, Order Sets and Protocols at http://www.icsi.org.

Evidence Grading System
A. Primary Reports of New Data Collection:
Class A: Randomized, controlled trial
Class B: Cohort study

Class C: Non-randomized trial with concurrent or historical controls
Case-control study
Study of sensitivity and specificity of a diagnostic test
Population-based descriptive study

Class D: Cross-sectional study
Case series
Case report

B. Reports that Synthesize or Reflect Upon Collections of Primary Reports:

Class M: Meta-analysis
Systematic review
Decision analysis
Cost-effectiveness analysis

Class R: Consensus statement
Consensus report
Narrative review

Class X: Medical opinion

Citations are listed in the guideline utilizing the format of (Author, YYYY [report class]). A full explanation
of ICSI's Evidence Grading System can be found at http://www.icsi.org.

www.icsi.org
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Algorithm Annotations

Deep Vein Thrombosis Diagnosis Algorithm Annotations

1.

Leg Symptoms/Clinical Suspicion of Deep Vein Thrombosis
Key Points:

* (linical evaluation and examination and patient history are important to the diagnosis
of deep vein thrombosis.

* C(linical findings alone are poor predictors of the presence or severity of thrombosis.

Among patients with pain and swelling of the leg, some will have deep vein thrombosis (DVT). Recent
unilateral swelling and pain above or below the knee without explanatory bone or joint trauma is suspi-
cious for deep vein thrombosis (Jorgenson, 1993 [D]). If patient has arm symptoms, refer to Appendix D,
"Diagnosis and Treatment of Upper Extremity Deep Vein Venous Thrombosis."

As part of the evaluation, record onset, location and character of patient's leg pain and swelling.
Factors increasing risk include:

e patient's history of past venous thromboembolism (VTE), family history of VTE;

°  pregnancy, postpartum or current estrogen use;

*  recent trauma Or surgery;

e immobilization;

e presence of cancer;

e  varicosities; and

e airline flight longer than eight hours.

Exam findings may include erythema, warmth and superficial thrombophlebitis with a palpable tender cord
over a superficial vein. In the most severe form, plegmasia cerulia dolens, the venous drainage of the lower
extremity is acutely and severely obstructed, threatening limb viability. This may require other treatment.
See Annotation #44, "Other Therapies."

Itis well known that clinical findings are poor predictors of the presence or severity of thrombosis; therefore,
determining pretest probability is necessary to managing the diagnostic process (Hirsh, 1986 [R]).

The work group feels that patients with signs and symptoms of pulmonary embolism (PE) should be evalu-
ated according to the Pulmonary Embolism Diagnosis algorithm. Please refer to Annotation #14, "Clinical
Signs and Symptoms of Pulmonary Embolism."

Determine Clinical Pretest Probability
Key Points:

* Use a formal protocol to determine a patient's clinical pretest probability of deep vein
thrombosis.

The work group recommends the use of a formal protocol to determine a patient's clinical pretest probability

of deep vein thrombosis. This can guide the choice of test(s) needed to triage patients for this condition,
www.icsi.org
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which can have minimal signs and symptoms but leads to serious consequences if left untreated. Please
refer to Appendix A, "Wells Model of the Clinical Pretest Probability of Deep Vein Thrombosis" for an
example of a clinical pretest probability model protocol.

The Wells scale of Clinical Pretest Probability of deep vein thrombosis divides patients into low-, medium-
and high-risk groups. In the 1997 study, it was used prospectively on 593 patients:

e Of 329 low-risk, 10 (3%) had deep vein thrombosis diagnosed. The positive predictive value was
82%. The negative predictive value of ultrasound was 99.7%, implying that low-risk patients with
normal ultrasound results do not need further testing.

e Of 193 moderate-risk, 32 (16.6%) proved to have deep vein thrombosis.

e Of 71 high-risk, 53 (75%) had deep vein thrombosis diagnosed. In high-risk patients, the negative
predictive value of ultrasound was only 82% at best (95% CI 59.7-94.8) (Wells, 1997 [B]). In high-
risk patients with negative ultrasound, further tests should be considered.

A recent study reported lower specificity when the pretest probability model was used by primary care
providers (Douketis, 2005 [R]; Goodacre, 2005 [M]; Oudega, 2005 [C]). Careful review and application
of the pretest probability model by all providers is recommended.

3. Low Clinical Pretest Probability
Key Points:

e Patients with low clinical pretest probability of deep vein thrombosis and negative
D-dimer are considered to have deep vein thrombosis ruled out and no further testing
is needed.

Patients with a low clinical pretest probability of deep vein thrombosis, such as a score of zero on Wells
scoring, can be safely managed by testing for D-dimer before ordering duplex ultrasound (with compres-
sion) of the leg. If D-dimer is negative, ultrasound can be omitted, and repeat ultrasound is not needed in
one week as previously recommended unless new or progressive clinical symptoms occur (Aschwanden,
1999 [C]; Fiinfsin, 2001 [C]).

4. D-dimer Test
Key Points:

e D-dimer assays with high sensitivity have been shown to have high negative predictive
value for patients with a low pretest probability of deep vein thrombosis or pulmonary
embolism.

e The greatest utility of the D-dimer test is in outpatients with suspected deep vein
thrombosis or pulmonary embolism. The "negative predictive value" of the D-dimer
is lower in patients with recent surgery, trauma and cancer.

The plasma fibrin D-dimer is a product created from fibrinolysis of cross-linked fibrin. Depending on the
assay method, the duration of venous thromboembolism symptoms and possibly the duration of heparin
therapy, the D-dimer has a high sensitivity for the presence of an acute thrombosis within virtually any
vascular territory. While sensitive, the D-dimer is not specific for venous thromboembolism. In the correct
circumstances, the D-dimer may be useful for excluding the diagnosis of acute venous thromboembolism.
Among patients with a low clinical pretest probability of deep vein thrombosis or pulmonary embolism, a
"negative" D-dimer has a very high negative predictive value for (i.e., essentially excludes the diagnosis of)

www.icsi.org
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acute venous thromboembolism. However, several caveats regarding the D-dimer must be borne in mind.
For example, the sensitivity of the D-dimer is dependent on the assay method (i.e., quantitative enzyme
linked immunoassy methods are more sensitive than semiquantitative latex agglutination methods) and the
assay discriminate (i.e., "cutoff") level (Aschwanden, 1999 [C]; Fiinfsinn, 2001 [C]; Heit, 1999 [C]; Heit,
2000 [C]; Stevens, 2005 [C]). The assay discriminate level varies by assay vendor; no universal "cutoft"
level (e.g., less than 300 or less than 500 ng/mL) exists.

Moreover, the sensitivity of the D-dimer may be reduced if the duration of symptoms or signs of venous
thromboembolism exceeds two or three days prior to testing. Likewise, the sensitivity may be reduced if
the patient has been receiving heparin therapy. Because a procedure or surgery increases the plasma D-dimer
level, the clinical utility of the D-dimer is greatest for evaluation of outpatients. Usually, suspected venous
thromboembolism patients with recent trauma or surgery are inappropriate for D-dimer testing and should
proceed directly to a diagnostic imaging study for deep vein thrombosis or pulmonary embolism (e.g., duplex
ultrasound [with compression] of the leg, high resolution chest computed tomographic angiography). Studies
have also suggested that the negative predictive value of the D-dimer may be lower in patients with cancer
(Lee, 1999 [M]) distal DVTs (Escoffre-Barbe, 1998 [C]) and previous DVTs (Le Gal, 2006 [C]). There is
insufficient data about the utility of D-dimer in patients who are pregnant.

In summary, D-dimer testing is most appropriate in ambulatory care settings and for patients with recent
onset of symptoms who are not currently on anticoagulation therapy (Schutgens, 2002 [C]). For patients
with suspected deep vein thrombosis, D-dimer may decrease the need for initial and subsequent radiological
investigation. The usefulness is dependent on the method used for D-dimer determination.

6. Deep Vein Thrombosis Excluded — Out of Guideline

Patients with a low clinical pretest probability of deep vein thrombosis and a negative (reliable) D-dimer
assay have a very low (less than 2%) risk of subsequent finding of deep vein thrombosis. These patients
can be followed clinically with no further radiologic evaluation unless warranted by new or progressive
clinical symptoms (Aschwanden, 1999 [C]).

7. Moderate/High Clinical Pretest Probability
Key Points:

e Patients with moderate or high clinical pretest probability should have a venous duplex
ultrasound (with compression) ordered as the first test.

e D-dimer assay can be used after a negative duplex ultrasound (with compression) result
to determine further radiologic testing needs.

Patients with moderate or high clinical pretest probability have a 15%-70% risk of deep vein thrombosis.
Because of the high incidence of deep vein thrombosis in this population, venous duplex ultrasound (with
compression) should be ordered as the first test, and D-dimer assay can be used after a negative duplex
ultrasound result to determine further radiologic testing needs. One study, randomized and controlled with
a small sample size, showed a significant benefit to long-term anticoagulation of patients with calf vein
thrombosis.

www.icsi.org
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8. Perform Duplex Ultrasound (with Compression)
Key Points:

* Duplex ultrasound (with compression) is considered to be the primary diagnostic
device and should be the first radiologic choice for evaluation of proximal deep vein
thrombosis.

e The combined use of clinical pretest probability and duplex ultrasound (with compres-
sion) is effective in confirming or excluding the diagnosis of DVT.

e Duplex ultrasound (with compression) can find thrombi in the calf; however, a negative
test cannot always exclude deep vein thrombosis and further testing may be needed.

Patients with a low clinical pretest probability of deep vein thrombosis and a positive D-dimer assay should
receive a duplex ultrasound (with compression) to confirm the diagnosis of DVT. The ability to diagnose
DVT may vary depending on the proximity of the suspected DVT site. In addition, the interpretation of
the duplex ultrasound can be difficult in patients with a previous history of DVT. Consider consulting with
the interpreting physician. See Annotation #12, "Follow-Up Studies/Second Duplex Ultrasound (Three to
Seven Days) or Venography."

Patients with a moderate/high clinical pretest probability of DVT should receive a duplex ultrasound (with
compression) as the first test to diagnose DVT. A negative result on the venous ultrasound can be followed
by D-dimer to determine further radiologic testing needs. A positive result on the ultrasound confirms the
diagnosis of DVT.

In 1995, Wells found that 24% of the cases with high clinical pretest probability and negative ultrasound
had DVT on venography. Extra testing would be needed in only 20% of high-risk cases, because 80% were
diagnosed on ultrasound. The high-risk group represented only 16% of all cases presenting for possible
DVT. In low clinical pretest risk cases with negative ultrasound, only 1% had DVT on venography. (See
Annotation #1, "Leg Symptoms/Clinical Suspicion of Deep Vein Thrombosis.")

Proximal (Popliteal Vein and Above)

Duplex ultrasound (with compression) is considered to be the primary diagnostic device and should be the
first choice for evaluation (Barnes, 1975 [C]; Zierler, 2001 [R]).

Ultrasonography has been demonstrated in a large number of studies to be 87% sensitive and between
86%-100% specific when compared to venography. It is painless, portable and easily available. This is the
most widely used technique locally. However, the technique is not as accurate for veins above the common
femoral vein (Baker, 1994 [R]; Heijboer, 1993 [A]).

Calf (Below Popliteal Vein)

Some calf thrombi can be found by duplex ultrasound (with compression). However, a negative test cannot
exclude an isolated calf DVT (Simons, 1995 [C]).

(Polak, 2005 [R])
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10. D-dimer Test for Moderate/High Pretest
Key Points:

e It has been found safe to withhold anticoagulation in outpatients with a moderate to
high clinical suspicion, a negative duplex ultrasound, and a negative D-dimer.

It is safe to withhold anticoagulation among outpatients with a negative duplex ultrasound (with compres-
sion) and a "negative" D-dimer (measured by whole blood latex agglutination or enzyme linked immunoassy,
respectively) (Bernardi, 1998 [B]; Ginsberg, 1997 [C]; Perrier, 1999 [C]).

For patients with suspected deep vein thrombosis, D-dimer may decrease the need for initial and subsequent
radiological investigation. The usefulness is dependent on the method used for D-dimer determination.

12. Follow-Up Studies/Second Duplex Ultrasound (Three to Seven
Days) or Venography
Key Points:

e If deep vein thrombosis is strongly suspected and there is a positive D-dimer despite a
negative initial ultrasound, consider venography or repeat ultrasound in three to seven
days.

Clinical pretest probability and venous duplex ultrasound are adequate to rule in or rule out deep vein throm-
bosis in the majority of cases. If DVT is strongly suspected despite a negative initial ultrasound, consider
venography or repeat ultrasound in three to seven days. Please refer to Appendix A, "Wells Model of the
Clinical Pretest Probability of Deep Vein Thrombosis."

The combined use of clinical pretest probability and duplex ultrasound (with compression) is effective in
confirming or excluding the diagnosis of DVT in the majority of cases. If clinical suspicion of DVT is high
and ultrasound is negative, consider further testing, such as repeat ultrasound for suspected calf thrombosis,
or venography for suspected proximal thrombosis.

e Serial ultrasonography

When calf thrombosis is suspected but the initial ultrasound is negative, serial ultrasound is an accept-
able alternative to venography. Furthermore, ultrasonography appears to be superior to impedance
plethysmography for this purpose (Ginsberg, 1996 [R]; Heijboer, 1993 [A]). If a thrombus is discovered,
anticoagulation is recommended.

¢ Computed tomographic (CT) venography of the inferior vena cava and the iliac veins

This is performed at some institutions to visualize proximal obstructions. The common, superficial
and deep femoral veins can be done, as well. CT venography does not include the distal calf veins.
Newer techniques include spiral contrast CT and magnetic resonance venography, which have shown
excellent results in preliminary studies. This effectiveness has included iliocaval thrombi. Currently
these techniques could be considered in patients with unusual diagnostic situations, including suspected
iliocaval clots or in patients with contraindications for venography (Baldt, 1996 [C]; Dupas, 1995 [C];
Evans, 1993 [C]).

¢ Contrast venography (proximal, intra-abdominal)

This is generally considered the historical gold standard for the accurate diagnosis. However, it has
numerous drawbacks including cost, discomfort to the patient, significant resource use, availability,
requirement of foot vein cannulation, use of intravenous contrast, and secondary thrombi. For these
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reasons, venography is generally reserved for difficult diagnostic cases. It can help distinguish between
old and new clots.

13. Deep Vein Thrombosis Confirmed — See Venous
Thromboembolism Treatment Algorithm
Key Points:

e Proximal thrombosis should be treated with anticoagulation unless contraindicated.

e Thrombosis of the calf veins is common and carries significant risk of propagation.
Patients benefit from anticoagulation treatment.

e Patients with thrombosis of the calf not treated with anticoagulation should be followed
by serial duplex ultrasound to rule out proximal progression.

Proximal Thrombosis (at or above the popliteal vein)

Proximal thrombosis should be treated with anticoagulation unless contraindicated (Kearon, 2008 [R]). (See
Annotation #34, "Complicated Venous Thromboembolism or Comorbidities?") Additional information can
be found in the ICSI Antithrombotic Therapy Supplement.

Calf Thrombosis (below the popliteal vein)

Increasing evidence suggests that patients with symptomatic calf deep vein thrombosis benefit from treat-
ment similar to that for proximal DVT. Thrombosis of the calf veins is common and carries significant risk
of propagation, including propagation into the proximal deep veins (Lagerstedt, 1985 [A]; Lohr, 1995 [D];
Philbrick, 1988 [R]). If not treated, these patients should be followed by serial duplex ultrasounds to rule
out proximal progression of thrombus to popliteal vein.

Following patients with suspected thrombosis limited to the calf veins and treating with anticoagulation
only for proximal extension on serial studies may be an acceptable alternative to anticoagulation. However,
the safety of this approach in patients with confirmed symptomatic calf deep vein thrombosis has not been
studied (Huisman, 1986 [D]; Hull, 1989 [C]; Philbrick, 1988 [R]).

Pulmonary Embolism (PE) Diagnosis Algorithm Annotations

14. Clinical Signs and Symptoms of Pulmonary Embolism
Key Points:

e Pulmonary embolism should be considered in patients who present with the three most
frequent signs and symptoms: dyspnea, pleuritic chest pain, and tachypnea.

This Pulmonary Embolism Diagnosis Algorithm does not apply to pregnant patients. Pulmonary embolism
(PE) should be considered in patients who present with the three most frequent signs and symptoms: dyspnea,
pleuritic chest pain, and tachypnea. Less frequent signs/symptoms are cough, hemoptysis, fever, syncope,
diaphoresis, nonpleuritic chest pain, apprehension, rales, increased pulmonic component of the second heart
sound (AS,P), wheezing, hypotension, tachycardia, cyanosis or pleural rub. Massive PE can present with
hemodynamic instability or cardiac arrest. Clinical findings are non-specific and should not be used as the
only criteria to diagnose PE (Hyers, 1999 [R]; Stein, 1991 [C]; Stein, 2006a [A]; Stein, 2006b [R]).

Consultation with a pulmonary specialist or perinatologist to assist in the evaluation of pregnant patients

with suspected PE may be helpful. ..
www.icsl.org
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15. Clinically Unstable?

Patients who are clinically unstable (e.g., hypotension, acute respiratory failure) may have massive pulmonary
embolism (PE) and should be considered for thrombolytic therapy. Massive PE should be considered with
any of the following: hemodynamic instability (including systolic blood pressure less than 90 mm Hg, or a
drop in 40 mm Hg), syncope; severe hypoxemia or respiratory distress; computed tomographic pulmonary
angiogram (CTPA), angiogram or ventilation/perfusion scan that suggests 50% or more absent perfusion;
an echocardiogram showing right ventricular (RV) failure or strain; and elevated B-type natriuretic peptide
(BNP) and troponin. Massive PE has up to a tenfold increase greater mortality; thrombolytic therapy appears
to improve outcome. A recent study suggests some benefit in the subgroup of patients with RV strain on
echo but hemodynamic stability (Konstantinides, 2002 [A]). Elevated troponin and BNP levels are associ-
ated with RV strain, and both have been clearly associated with increased mortality, even in the absence of
hemodynamic compromise. A preliminary recommendation would be to consider a BNP and troponin in a
patient with substantial clot burden, abnormal echocardiogram or a clinical presentation that is concerning
(Becattini, 2007 [M]; Kline 2008 [B]; Klok, 2008 [M]; Laporte, 2008 [D]; Pieralli, 2006 [D]).

Patients who present signs and symptoms of massive PE (syncope, hypotension, respiratory distress, marked
hypoxemia) may require evaluation and treatment different from the guideline. In patients considered to
possibly have massive PE, urgent echocardiography, BNP and troponin levels, duplex ultrasound and specialty
consultation may assist decision-making about whether to use thrombolytic or standard therapy.

(Meyer, 1998 [B])

16. Stabilize

See Annotation #34, "Complicated Venous Thromboembolism or Comorbidities?" for more information.

17. Estimate Clinical Pretest Probability (CPTP — Wells Score)
Key Points:

» If the clinical pretest probability score is high (six or more), or patient's risk of VTE is
high due to comorbidities (e.g., pulmonary hypertension) begin anticoagulation without
delay.

e Chest x-ray, arterial blood gases, echocardiogram (EKG) and other tests as indicated
for alternative diagnoses considered.

For the purposes of the diagnosis of pulmonary embolism, the work group has combined moderate pretest
probability and high pretest probability into the PE Likely category.

If the clinical pretest probability score is high, begin heparin promptly (a tool for determining pretest prob-
ability is shown in annotation Appendix B, "Model for Predicting Clinical Pretest Probability for Pulmonary
Embolism").

Patients presenting with signs and symptoms of pulmonary embolism (PE) need:

e Complete history and physical exam. Risk factor assessment for venous thromboembolic disease
plays a role in determining the pretest probability of PE. Risk factors include previous history of
venous thromboembolism, recent surgery, immobilization, paresis, personal or family history of
inheritable thrombophilic disorder or personal history of acquired thrombophilia (e.g., antiphos-
pholipid antibody, cancer, estrogen, pregnancy or myeloproliferative disorder).
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e Estimate pretest probability. The clinical evaluation can also lead to suspicion of an alternative
diagnosis. Wells' method of assessing the clinical pretest probability of PE from his 1998 article
was complex, but safely guided a non-invasive PE workup that avoided angiograms except for
cases of discordance between the clinical probability and the V/Q probability of PE (Wells, 2000
[C]). The group then used the simplified model for clinical pretest probability in conjunction with
SimpliRED D-dimer test in 930 consecutive emergency department patients suspected of PE. They
demonstrated the safety of avoiding the V/Q and computed tomographic pulmonary angiography
when clinical pretest probability is low and D-dimer is negative (Wells, 2001 [B]). Arecent prospec-
tive study of 3,306 patients presented a validated simplified algorithm based on the earlier work of
Wells (Dalen, 2006 [R]; Stein, 2006b [R]; Writing Group for the Christopher Study Investigators,
2006 [B]).

Other studies reported lower specificity when the pretest probability model was used by primary
care providers (Douketis, 2005 [R]; Goodacre, 2005 [M]; Oudega, 2005 [C]). Careful review and
application of the pretest probability model by all providers is recommended.

e  Chest x-ray, arterial blood gases, EKG and other tests as indicated for alternative diagnoses
considered. Although laboratory studies can often be normal, some abnormal findings can heighten
one's suspicion of PE. Arterial blood gases can show hypoxemia, hypocapnia and widened (A-a)
O, difference. Chest x-rays can show atelectasis, pleural based infiltrates or effusions, or, rarely,
engorged central pulmonary artery vasculature associated with a paucity of peripheral vessels. EKG
can show supraventricular arrhythmia, right axis derivation, S, Q,T, pattern or P-pulmonale.

A simplified clinical pretest probability scoring system may improve diagnostic accuracy by being easy
to use consistently and alerting clinicians to the need for further testing (American Thoracic Society, 1999
[R]; Stein, 1991 [C]).

18. Clinical Pretest Probability Results?

The new simplified algorithm validates the dichotomized groups proposed by Wells (Wells, 2000 [C])
and includes patients categorized in an earlier study as low and some of those in the moderate probability

group.
PE Less Likely (score < 4)
e Less Likely Clinical Pretest Probability

The Christopher Study Investigators found that in patients with a less likely score for pulmonary embolism
(PE), D-dimer levels should be measured and can provide diagnostic information to rule out PE.

PE Likely (score > 4)
e Likely Clinical Pretest Probability

The data from Wells and the Christopher Study Investigators found that in patients likely to have a PE, a
computed tomographic scan should be the next test and can safely exclude a PE.

* For the purposes of the diagnosis of pulmonary embolism, the work group has combined moderate pretest
probability and high pretest probability into PE Likely probability.

(Stein, 2006a [A]; Stein, 2006b [R]; Writing Group for the Christopher Study Investigators, 2006 [B])
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20. D-dimer Results?

In patients with PE Less Likely, the Christopher Study Investigators found that patients with negative
D-dimer levels could safely be observed without further investigation, as the incidence of non-fatal venous
thromboembolism (VTE) was 0.5% in the subsequent three months. This data is consistent with other studies
(Stein, 1993 [R]; Stein, 1995 [C]; Wells, 1998b [B]). In this group it is safe to withhold anticoagulation
therapy and follow these patients clinically.

If the D-dimer is positive, further evaluation is necessary to adequately exclude a pulmonary embolism.

The sensitivity of the D-dimer may be reduced if the duration of symptoms or signs of venous thromboem-
bolism exceeds two or three days prior to testing. Likewise, the sensitivity may be reduced if the patient
has been receiving heparin therapy. Because a procedure or surgery increases the plasma D-dimer level, the
clinical utility of the D-dimer is greatest for evaluation of outpatients (e.g., emergency department).

Usually, suspected venous thromboembolism patients with recent trauma or surgery are inappropriate for
D-dimer testing and should proceed directly to a diagnostic imaging study for deep vein thrombosis or
pulmonary embolism (e.g., duplex ultrasound [with compression] of the leg, high resolution chest computed
tomographic angiography).

21. Risk of Pulmonary Embolism Is Very Low
Key Points:

e Itis important to evaluate patients for other diagnoses when pulmonary embolism has
been excluded.

Patients with a negative D-dimer and PE Less Likey Clinical Pretest Probability have a low incidence of
pulmonary embolism (Stein, 1993 [R]; Stein, 1995 [C]; Stein, 2006a [A]; Stein, 2006b [R]; Wells, 1998b
[B]; Writing Group for the Christopher Study Investigators, 2006 [B]). 1t is safe to withhold anticoagula-
tion therapy and follow these patients clinically.

Patients with a negative computed tomographic angiography and PE Less Likely Clinical Pretest Probability
and positive D-dimer results can safely have pulmonary embolism excluded and followed clinically in the
outpatient setting (Dalen, 2006 [R]; Stein, 2006a [A]; Stein, 2006b [R]; Writing Group for the Christopher
Study Investigators, 2006 [B]).

Patients with persistent symptoms or symptoms that progressively worsen should have further diagnostic
testing. Ultrasound (with compression) should be used to improve the clinical likelihood of diagnosing
disease and avoid more invasive testing.

Patients who have had PE excluded need to have the evaluation for other diagnoses completed and appro-
priate treatment and follow-up initiated. In particular, pericarditis, myocardial infarction and pneumonia
should be excluded in appropriate circumstances. When performed, computed tomographic pulmonary
angiography will frequently help identify alternative causes such as pericardial effusion, pneumonia and
pleural effusion.
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23. Perform Computed Tomographic Pulmonary Angiograph (CTPA)
Key Points:

* Non-invasive pulmonary vascular imaging studies are recommended as the initial
radiologic evaluation.

Computed tomographic pulmonary angiography (CTPA) is the first line study of choice unless a contrain-
dication exists, then V/Q (ventilation/perfusion scan) would be preferred.

Computed tomography should be performed with at least a 2.5 mm thickness by 1.25 mm incrementation.

The choice of initial imaging study depends on several factors including how readily available the tests are,
the resolution of images obtained, underlying illnesses/conditions including renal status of the patient, and
experience of the radiologists. Care should be taken when using dye in patients with renal insufficiency.

Non-invasive pulmonary vascular imaging studies are recommended as the initial diagnostic evaluation
in most patients with suspected pulmonary embolism (PE). Both V/Q scans and computed tomographic
pulmonary angiography have a relatively high degree of specificity when they are read respectively as "high
probability" scan results or "positive" for PE. A negative V/Q scan also has a high degree of specificity.
However, either a non-diagnostic (intermediate or low radiologic probability scan results) or a negative
computed tomographic pulmonary angiogram suffer from lack of sensitivity and usually require further
diagnostic studies. Inrare instances the CTPA may miss a clot. V/Q scanning is not always readily available
and other pulmonary processes such as chronic pulmonary obstructive pulmonary disease and congestive
heart failure can influence its specificity (American Thoracic Society, 1999 [R]; PIOPED Investigators,
The; 1990 [C]; Dalen, 2006 [R]; Remy-Jardin; 1997 [R]; Stein, 2006a [A]).

V/Q imaging follows a different diagnostic algorithm. See Appendix C, "Ventilation/Perfusion (VQ) Lung
Imaging Algorithm," for more information.

(Berland, 2006 [R])

24. Computed Tomographic (CT) Results?
Key Points:

e Computed tomographic pulmonary angiography has become the most commonly used
radiographic test to evaluate patients for pulmonary embolism.

Computed tomographic (CT) pulmonary angiography offers the clinician a new screening tool for detection
of pulmonary embolism. It has been rapidly introduced into clinical practice and, in some institutions, is
easier to obtain than a V/Q (ventilation/perfusion) scan. CT pulmonary angiography is also more useful in
patients with underlying cardiac disease and chronic obstructive pulmonary disease/asthma. When alterna-
tive diagnoses are likely, computed tomographic pulmonary angiography is especially good, as it can rule
out pulmonary embolism (PE) and confirm other diagnoses with one test.

CT pulmonary angiography has a high sensitivity and specificity for central clots. The sensitivity and
specificity drop substantially for peripheral clots. Technical issues are extremely important. The protocols
require appropriate timing from contrast injection to scan acquisition, a prolonged breath-hold (about 20
seconds), and optimized spatial resolution parameter settings. This requires the right equipment and tech-
nical sophistication to obtain high-quality images. Computed tomographic angiography showing positive
results for sequmental/subsegmental embolism should be followed up with additional testing, due to the
increase in false positives.
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CT pulmonary angiography may be the initial test if the hospital has state-of-the-art equipment and technical
and interpretive expertise. Consultation with a radiologist may be helpful in determining the most appro-
priate test. With state-of-the-art equipment, the ability to exclude peripheral clots is probably increasing,
but the clinical probability must guide the decision to pursue further testing (compression ultrasound or
pulmonary angiography).

For patients with CT scan results that cannot clearly confirm or rule out the possibility of PE due to the
patient's condition and comorbidities or due to scan technical limitation, clinicians should review the clinical
pretest probability and D-dimer results to determine what further workup may be indicated.

(Berland, 2006 [R]; Stein, 2006 [A]; Writing Group for the Christopher Study Investigators, 2006 [B])

(Greaves, 1997 [R]; Mullins, 2000 [M]; Rathbun, 2000 [M]; Remy-Jardin, 1997 [R]; Remy-Jardin, 1998
[R]; Stein, 2006a [A]; Stein, 2006b [R])

25. Diagnosis of Pulmonary Embolism

Patients with a positive computed tomographic (CT) pulmonary angiographic scan and Likely PE clinical
pretest probability are essentially confirmed positive for pulmonary embolism. They can be considered for
treatment with no further diagnostic testing (American Thoracic Society, 1999 [R]; Stein, 2006a [A]; Stein,
2006b [R]; Wells, 1998a [C]).

Pulmonary emboli are noted as incidental findings in 1%-4% of chest CT studies ordered for other reasons.
This is more frequent in patients who have studies done for follow-up/staging of malignancies (Storto,
2005 [D]). Further testing may be helpful to confirm acute VTE disease such as D-dimer, venous studies,
etc. Asymptomatic PE should be treated with the same protocol as outlined for symptomatic PE (Kearon,
2008 [R]).

28. Pulmonary Embolism Less Likely with Positive D-dimer Results

In patients with an unlikely pretest probability but positive D-dimer and normal computed tomographic
pulmonary angiographic (CTPA), no treatment is necessary. Further work up only if warranted by clinical
suspicion.

In the PIOPED II study, patients with a low pretest probability and a negative CTPA alone had a 4% incidence
of pulmonary embolism (PE) on angiography. When venous imaging (computed tomographic venography
in PIOPED II) was negative, the incidence of PE was 3%. Clinical outcome studies show a lower (less than
1.5%) incidence of PE or deep vein thrombosis.

(Dalen, 2006 [R]; Stein, 2006a [A]; Stein, 2006b [R])

29. Pulmonary Embolism Likely with Negative D-dimer Results

It appears to be safe to withhold anticoagulation while pursuing a non-invasive strategy of serial ultrasonog-
raphy in order to further evaluate for thromboembolism in this patient population (Wells, 1998b [B]).

Irrespective of D-dimer result, venous imaging should be performed.

In PIOPED II patients with either moderate or high pretest probability and negative computed tomographic
pulmonary embolism (CTPA), there was a 11%-40% incidence of pulmonary embolism (PE) on angiography.
These incidences were lowered to 8%-18% when venous imaging (computed tomographic venography in
PIOPED II) was added. Clinical outcome studies showed a much lower (1%-2%) incidence of PE or deep
vein thrombosis.

(Dalen, 2006 [R]; Stein, 2006a [A]; Stein, 2006b [R])
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The risks associated with a misdiagnosis of PE are typically more severe than those associated with a misdi-
agnosis of DVT. Higher negative predictive values are required to safely use D-dimer to exclude PE. The
evidence, to date, suggests that current assays, with the possible exception of enzyme linked immunoassy
(ELISA) and rapid ELISA methods, are not acceptable for use in excluding PE in patients with clinical
suspicion of PE.

30. Pulmonary Embolism Likely with Positive D-dimer Results

A significant incidence of PE is found in patients with a negative computed tomographic pulmonary angiog-
raphy associated with a high clinical pretest probability. Bilateral duplex ultrasound (with compression)
of the leg is recommended to improve the diagnosis of VTE without performing invasive tests. Pulmonary
angiography can be considered if clinical suspicion remains high or the patient's condition deteriorates.

(Dalen, 2006 [R]; Stein, 2006a [A]; Stein, 2006b [R]; Writing Group for the Christopher Study Investiga-
tors, 2006 [B])

31. Perform Duplex Ultrasound (with Compression) of the Leg
Key Points:

e Duplex ultrasound (with compression) should be used to improve clinical likelihood
of diagnosing disease and avoid more invasive testing in patients with negative lung
imaging results.

In patients with negative computed tomographic pulmonary angiography results and positive D-dimer and
a PE Likely clinical probability, further evaluation with duplex ultrasound (with compression) should be
used to improve clinical likelihood of diagnosing disease and avoid more invasive testing.

Pulmonary embolism and deep vein thrombosis are part of the same pathologic process. Most patients
diagnosed with a pulmonary embolism also have deep vein thrombosis. The diagnosis of lower extremity
deep vein thrombosis has been advocated to be an important adjunct to the diagnosis of pulmonary emboli.
Venous duplex ultrasonography (DUS) is the most common method for deep vein thrombosis diagnosis.
DUS accuracy for lower extremity DVT is as high as 98%, though studies are negative in greater than
50% of pulmonary embolism cases. Total thrombus embolism and proximal migration may account for a
number of negative studies. Venous DUS reliability is also limited when evaluating iliac and pelvic veins
and the inferior vena cava, which likely accounts for a significant number of negative studies. One study
found that when venous DUS is the initial study during evaluation for PE, treatment determination could
be made in only 13% of cases.

When DUS is negative, the incorporation of clinical pretest probability can improve diagnostic accuracy
and potentially avoid unnecessary pulmonary angiography. Several studies of DUS performed after non-
diagnostic ventilation/perfusion scans have shown that pulmonary angiography can be avoided in 15%-40%
of patients when DVT is identified.

Clinical pretest probability is an important adjunct to DUS at this point. In cases of suspected pulmo-
nary embolism where non-invasive tests do not confirm its presence, pulmonary angiography should be
performed.

(Beecham, 1993 [C]; Killewich, 1993 [C]; Matteson, 1996 [D]; Oudkerk, 1993 [M]; Schiff, 1987 [C];
Stein, 2006b [R])
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32. Ultrasound Results?

A positive ultrasound usually confirms the diagnosis of deep vein thrombosis and requires treatment regard-
less of the presence or absence of pulmonary embolism. If the ultrasound is negative, further evaluation
may be warranted, dependent upon the patient's clinical pretest probability.

Venous Thromboembolism (VTE) Treatment Algorithm
Annotations

34. Complicated Venous Thromboembolism or Comorbidities?
Key Points:

e Patients with complicated venous thromboembolism or certain comorbidities may
require therapy that is different than patients with uncomplicated venous thromboembo-
lism. The work group felt that these patients should be identified and treated individually
rather than by a standard guideline.

* Complications or comorbidities of venous thromboembolism include massive pulmo-
nary embolism, contraindications to anticoagulation, known history of heparin-induced
thrombocytopenia, extensive iliofemoral thrombosis/phlegmasia, pregnancy, familial
bleeding disorders, and severe renal dysfunction.

Massive Pulmonary Embolism

Patients who present with symptoms of pulmonary embolism (PE) associated with hemodynamic or respi-
ratory compromise should be evaluated for massive PE. These patients may require treatment other than
that discussed in this guideline.

Massive PE should be considered in the following circumstances: any hemodynamic instability, severe
hypoxemia or respiratory distress, a ventilation/perfusion scan or angiogram with 50% of the perfusion
absent, an echocardiogram showing right heart strain or failure, an elevated pulmonary artery pressure, or
a spiral computed tomography scan suggesting severe occlusion. Massive PE has up to a tenfold greater
mortality; treatment with thrombolytics appears to favorably affect the outcome. A recent study has also
suggested that there may be some benefit for the use of thrombolytics in submassive PE. In this circum-
stance, specialty consultation and consideration of thrombolytics may be appropriate (Arcasoy, 1999 [M];
Dalen, 1997 [R]; Kanter, 1997 [D]; Kasper, 1997 [D]; Konstantinides, 1997 [B]; Konstantinides, 2002
[A]; Meyer, 1998 [B]).

Patients with hemodynamic compromise may require immediate thrombolytic therapy. Normotensive PE
patients with right ventricular dysfunction should be treated in-hospital (at least initially), where their vital
signs can be closely monitored. Such patients should be considered for thrombectomy (either catheter-
directed or open), thrombolysis and/or inferior vena cava (IVC) filter placement if blood pressure support
(i.e., pressors and augmentation of intravascular volume) is required, and possibly if hypoxemia cannot be
corrected with supplemental oxygen therapy.

Contraindications to Anticoagulation

Absolute contraindications would include patients with active severe hemorrhage or recent intracranial
hemorrhage. Relative contraindications include recent or imminent surgery, trauma, anemia (hematocrit
less than 30), renal disease, history of gastrointestinal hemorrhage, active peptic ulcer disease, and liver
disease (Campbell, 1996 [A]; Fihn, 1996 [B]).
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These patients require more intense monitoring for bleeding complications if given anticoagulation therapy.
If not treated with anticoagulation therapy, serial ultrasounds for untreated calf deep vein thrombosis or
IVC filters for proximal deep vein thrombosis are indicated. (See Annotation #44, "Other Therapies.")
Please refer to the ICSI Antithrombotic Therapy Supplement for more information on contraindications to
anticoagulation.

Known History of Heparin-Induced Thrombocytopenia (HIT)

Thrombocytopenia can complicate heparin therapy. Both a non-immune and a more serious immune-
mediated platelet-associated IgG reaction, heparin-induced thrombocytopenia (HIT), have been described.
If the patient has previously received heparin, especially within the past three months, thrombocytopenia
may occur within hours or days (Warkentin, 1996 [C]).

Patients with HIT should not be treated with either unfractionated heparin (UFH) or low-molecular-weight
heparin (LMWH). Though not FDA approved, fondaparinux may be an option; it has little or no anti-
platelet effects and has been used successfully to mitigate the effects of HIT. However, several cases of
fondaparinux-associated HIT have been reported. Please see the ICSI Antithrombotic Therapy Supplement.
Direct thrombin inhibitors (e.g., Refludan or Argatroban) have been used successfully for patients with HIT.
(See Annotation #44, "Other Therapies.") Please refer to the ICSI Antithrombotic Therapy Supplement for
more information on HIT. Also see the American College of Chest Physicians' 2008 Venous Thromboem-
bolism, Thrombophilia, Antithrombotic Therapy, and Pregnancy guidelines.

Extensive Iliofemoral Thrombosis/Phlegmasia

Patients found to have extensive iliofemoral disease or evidence of phlegmasia will likely require inpatient
monitoring and longer course of heparin/low-molecular-weight heparin (LMWH) therapy than patients with
uncomplicated deep vein thrombosis. Thrombolytic therapy may be of benefit in these patients for possible
reduction of post-thrombotic complications. (See Annotation #44, "Other Therapies.")

Pregnancy

In pregnancy, warfarin is contraindicated because it crosses the placenta and is associated with embryopathy,
central nervous system abnormalities, and neonatal bleeding. Subcutaneous UFH, twice daily, has been the
standard therapy in pregnancy. LMWH has shown no increased fetal complication and was shown to have
fewer bleeding complications than UFH.

The Sanson study was a meta-analysis of 21 studies with 486 pregnancies, in which excess fetal death or
complicated prematurity was found associated with comorbid diagnosis of the mother (such as autoantibodies,
recurrent fetal loss treatment and preeclampsia), not with the use of LMWH (Sanson, 1999 [M]).

In the Pettild study, in addition to fewer bleeding complications, no difference of venous thromboembolism
was noted, but the study was not large enough to detect a difference. In the study, a daily dalteparin dose
was initially weight based but was then adjusted to achieve anti-Xa measurement of 0.20 IU/mL three hours
after injection, at 20 weeks and 30 weeks gestation, as well as two weeks postpartum (Pettild, 1999 [A]).

Renal clearance of enoxaparin may be increased during pregnancy (Casele, 1999 [D]).

Anticoagulation will need to continue four-six weeks after delivery because the postpartum period is itself
a high-risk time for thrombosis.

Please refer to the ICSI Antithrombotic Therapy Supplement for more information on anticoagulation
therapy during pregnancy.
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Familial Bleeding Disorders

Because of the complexity and controversy surrounding the use of standard anticoagulation to treat DVT
in patients with familial bleeding disorders, these patients are excluded from the guideline. There is little
data that has addressed the use of low-molecular-weight heparin in these patients. Although treatment for
these patients may be similar to that found in the algorithm, the work group felt that these patients should
be treated individually and not be included in the guideline.

Severe Renal Dysfunction (creatinine clearance less than 30 mL/minute)

These patients require closer monitoring for bleeding complications and dosing adjustments if LMWH is
used. Patients with significant renal impairment (creatinine clearance less than 30 mL/min) can accumulate
LMWH. The recommended doses in these patients are currently:

*  Enoxaparin 1 mg/kg ONCE daily for therapeutic (treatment) doses. (Normal renal function dose
is 1 mg/kg twice daily or 1.5 mg/kg once daily.)

e Enoxaparin 30 mg ONCE daily for prophylactic doses. (Normal renal function dose is 30 mg twice
daily or 40 mg once daily.)

(Cadroy, 1991 [C]; Gerlach, 2000 [B])

Please refer to the ICSI Antithrombotic Therapy Supplement for more information on anticoagulation therapy
in patients with renal dysfunction.

35. Low-Molecular-Weight Heparin (LMWH)/Unfractionated Heparin
(UFH)/Fondaparinux

Key Points:

e Unfractionated heparin (UFH), low-molecular-weight heparin (LMWH) or fondaparinux
should be considered for the initial treatment of pulmonary embolism.

*  LMWH and fondaparinux are preferred for the initial anticoagulation for most patients
with deep vein thrombosis.

* Heparin-induced thrombocytopenia (HIT) is a recognized complication of heparin
therapy.

Unfractionated heparin, low-molecular-weight heparin (LMWH) or fondaparinux should be considered
for the initial treatment of pulmonary embolism (PE). LMWH or fondaparinux is preferred for the initial
anticoagu