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Abstract: This is a review of key factors for pharmacy and therapeutics committees to 

consider when developing a therapeutic interchange (TI) program for venous 

thromboembolism (VTE) prophylaxis. Recent patient safety initiatives aimed at reducing the 

incidence of hospital-acquired VTE may increase the prescribing of thromboprophylactic 

agents recommended in VTE management guidelines. As a result, more pharmacy and 

therapeutics committees may consider TI programs for parenteral anticoagulants. However, 

the TI of anticoagulants appears challenging at this time. Firstly, the therapeutic 

equivalence of the commonly prescribed parenteral anticoagulants, enoxaparin, dalteparin 

and fondaparinux, has not been established. Secondly, because of the wide range of clinical 

indications for these anticoagulants, a blanket agent-specific TI program could lead to  

off-label use. Use of an indication-specific TI program could be difficult to manage 

administratively, and may cause prescribing confusion and errors. Thirdly, careful dosing 

and contraindications of certain parenteral anticoagulants in special patient populations, 

such as those with renal impairment, further impact the suitability of these agents for 

inclusion in TI programs. Finally, although TI may appear to offer lower drug-acquisition 

costs, it is important to determine its effect on all cost parameters and ultimately ensure 

that the care of patients requiring VTE prophylaxis is not compromised. 
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1. Introduction 

Venous thromboembolism (VTE) is a major cause of preventable mortality and morbidity in 

hospitalized patients, and is associated with substantial clinical and economic burden [1,2]. Effective 

pharmacologic methods with good safety profiles are available to prevent VTE [1]. However, VTE 

prophylaxis is widely underutilized [3-6], and effective protocols are needed to minimize the incidence 

of hospital-acquired VTE. 

Patient safety initiatives aimed at improving practice have already been introduced [7,8], with 

performance measures increasingly being incorporated into public reporting initiatives, incentive 

schemes, and pay-per-performance programs [9,10]. With the growing recognition of this major public 

health problem, a significant increase in the use of parenteral anticoagulants for VTE prophylaxis may 

be expected, and more hospitals appear to be incorporating them into their therapeutic interchange (TI) 

programs [11,12]. TI is defined as the dispensing of a drug that is therapeutically equivalent to,  

but chemically different from the drug originally prescribed by a physician or other authorized 

prescriber [13]. The main goal of TI programs is to reduce the total cost of therapy and help develop 

standardization of usage within an institution, while not compromising patient care [13]. This article 

outlines some of the key factors that need to be considered when developing TI programs, using the 

case example of VTE prophylaxis and parenteral anticoagulants. 

2. Agents for VTE Prophylaxis 

Anticoagulants recommended by evidence-based VTE management guidelines include orally 

administered warfarin, as well as parenteral unfractionated heparin (UFH), low-molecular-weight 

heparins (LMWHs), and fondaparinux (Arixtra®-GSK) [1,14]. Available LMWHs in the U.S. are 

enoxaparin (Lovenox®-sanofi-aventis), dalteparin (Fragmin®-Eisai Inc.-Pfizer), and tinzaparin 

(Innohep®-Leo Pharma). There are currently many novel anticoagulants in various stages of phase II, 

III, and IV trials, but our focus will be on the TI issues for the existing parenteral anticoagulants. 

Biosimilar LMWHs, which have recently been approved by the FDA, are an additional 

consideration [15]. LMWHs are produced through complex depolymerization processes, which cannot 

be exactly replicated in the production of a biosimilar formulation. Therefore, equivalence of the 

biosimilar product cannot be ensured [16]. The FDA have based their approval on demonstration of 

sameness according to five criteria, which involve (1) the physical and chemical characteristics of the 

specific LMWH; (2) the nature of the heparin material and the chemical process used to break up 

heparin chains into smaller pieces; (3) the nature and arrangement of components that constitute the 

LMWH; (4) biological and biochemical assays on the product’s anticoagulant activity; and (5) in vivo 

pharmacodynamic profile. As the biosimilar LMWHs have only recently been produced there is 

limited clinical data available with which to compare the biosimilar and branded versions.  

3. Considerations for TI Programs 

In line with recommendations from the American College of Clinical Pharmacy, several steps have 

been suggested for consideration by Pharmacy and Therapeutics (P&T) committees when evaluating if 



Pharmaceuticals 2011, 4                  

          

1477

parenteral anticoagulants are suitable for inclusion in a TI program (Table 1) [17]. Based on the factors 

discussed below, the TI of parenteral anticoagulants appears challenging at this time. 

Table 1. Steps for pharmacy and therapeutics committees evaluating an anticoagulant  

TI program. 

o Review all published clinical evidence to assess the therapeutic equivalence of agents in the interchange 
o Analyze the clinical efficacy and safety data for each VTE indication and other clinical situations, such 

as pregnancy, neurosurgery, pediatric surgery, and perioperative management 
o Assess Food and Drug Administration-licensed indications of each agent, allowing an evaluation of the 

extent of off-label use involved in the interchange 
o Consider the impact of the TI on patient populations with specific anticoagulant dosing requirements 

(e.g., elderly, renally impaired, obese, low weight) 
o Evaluate the pharmacoeconomic implications of the switch, considering the total cost of care associated 

with the interchange, not just the cost of drug acquisition 
o Incorporate an opportunity for physicians to override the TI policy and prescribe a specific 

anticoagulant when required 
o Plan the education of prescribers/healthcare professionals concerning the TI 
o Implement regular monitoring of the effect of the TI on VTE outcomes (e.g., VTE incidence/recurrence, 

bleeding complications, costs)  

Adapted from Gainor et al. [17]. 

3.1. Equivalence of Efficacy and Safety 

A key consideration relates to determination of clinical equivalence. LMWHs are a heterogeneous 

mix of polysaccharide chains of differing lengths and weights uniquely prepared from UFH. Although 

their anticoagulant properties are similar, each LMWH is a distinct pharmacologic entity. As such, 

LMWHs have different biochemical, biophysical, and pharmacologic properties that affect their 

clinical efficacy and safety [18]. 

The LMWHs and fondaparinux are also chemically and pharmacologically distinct agents. The major 

pharmacokinetic differences between LMWH, UFH, and fondaparinux are listed in Table 2 [19-21]. 

Table 2. Pharmacologic properties of UFH, enoxaparin, dalteparin, tinzaparin, and 

fondaparinux [19-21]. 

 UFH Enoxaparin Dalteparin Tinzaparin Fondaparinux

Manufacturing 
process 

Biological 
extraction 

Benzylation 
followed by 

alkaline 
hydrolysis 

Controlled 
nitrous acid 

depolymerization

Enzymatic 
depolymerization 

Synthetic 

Mean molecular 
weight, Da 

3,000–30,000 4,500 6,000 6,500 1,728 

Elimination 
half-life, hours 

Dose-dependent 4.5 3–5 3.9 17 

Bioavailability, 
% 

15–25 90–92 87 87 100 
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Table 2. Cont. 

 UFH Enoxaparin Dalteparin Tinzaparin Fondaparinux 

Anti-Xa:IIa 
ratio 

1 3.8 2.7 2.8 
Anti-Xa 
selective 

Anti-Xa 
activity, IU/mg 

193 100 156 100 700 

Neutralization 
Protamine 

sulfate 
Protamine sulfate 

(incomplete) 
Protamine sulfate 

(incomplete) 
Protamine sulfate 

(incomplete) 
NA 

NA = not applicable. 

Fondaparinux is a pentasaccharide that selectively modulates one step in the tissue factor pathway 

by inactivating factor Xa; in contrast, LMWHs inhibit multiple steps in the tissue factor pathway and 

also weakly inhibit the contact activation pathway [22]. 

To be appropriate for TI, parenteral anticoagulants must be therapeutically equivalent both in 

clinical trials and real-life settings [13]. Clinical evidence demonstrating equivalent therapeutic 

efficacy of the different LMWH agents and fondaparinux in a blanket fashion is lacking. In a  

head-to-head comparison between fondaparinux (2.5 mg once daily) and enoxaparin (30 mg twice 

daily) after major knee surgery, fondaparinux was associated with a lower incidence of symptomatic or 

asymptomatic VTE (12.5% versus 27.8%; p < 0.001), but a higher incidence of major bleeding (2.1% 

versus 0.2%; p = 0.006) [23]. Studies that have compared a LMWH or fondaparinux with placebo or 

UFH have had varying study designs and endpoints, making comparison of results difficult. In 

summary, therapeutic equivalence of enoxaparin, dalteparin, tinzaparin, and fondaparinux are challenging 

to establish at present because of limited head-to-head comparisons, reports of differences in the efficacy 

and safety profiles in certain patient populations, and unequal distribution of clinical evidence. 

3.2. Indications 

It is also important to compare the indications of the drugs under consideration for TI. This is of 

particular relevance during a blanket TI program in which one agent is dispensed for another for 

various indications rather than an indication-specific interchange. The Food and Drug Administration 

(FDA)-licensed indications for enoxaparin, dalteparin, tinzaparin, and fondaparinux extend beyond VTE 

prophylaxis to VTE treatment and acute coronary syndromes (ACS) Table 3 [21,24-26]. 

Table 3. Summary of FDA-approved indications for enoxaparin, dalteparin, tinzaparin, 

and fondaparinux [21,24-26]. 

Indication Enoxaparin Dalteparin Tinzaparin Fondaparinux

VTE prophylaxis     

Hip replacement surgery Yes Yes No Yes 
Knee replacement surgery Yes No No Yes 

Hip fracture surgery No No No Yes 
Abdominal surgery Yes Yes No Yes 

Acutely-ill medical patients Yes Yes No No 
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Table 3. Cont. 

VTE treatment Yes No Yes Yes 
Extended VTE treatment in cancer patients No Yes No No 

Unstable angina/non-ST-segment elevation MI Yes Yes No No 
ST-elevation MI Yes No No No 

MI = myocardial infarction. 

Enoxaparin has the largest number of FDA-approved indications compared with the other 

parenteral anticoagulants. Blanket interchange of one agent for another would lead to  

off-label use. Although physicians in the U.S. are not restricted from prescribing agents for off-label 

use, P&T committees should ensure that interchange does not negatively impact outcomes. 

Table 4. Summary of ACCP [1,27] and AHA/ACC recommendations [28,29] for UFH, the 

LMWHs, and fondaparinux. 

Indication UFH LMWH * Fondaparinux
VTE prophylaxis    
Hip replacement 
surgery 

Against: Grade 1A † Grade 1A Grade 1A 

Knee replacement 
surgery 

Against: Grade 1A † Grade 1A Grade 1A 

Hip fracture 
surgery 

Grade 1B Grade 1B Grade 1A 

General surgery Grade 1A Grade 1A Grade 1A 
Acutely ill medical 
patients 

Grade 1A Grade 1A Grade 1A 

VTE treatment Grade 1C ‡ Grade 1A Grade 1A 
Extended VTE 
treatment in cancer 
patients 

No Grade 1A (3 months) 
Grade 1C (until  
cancer resolved) 

No 

Indication UFH Enoxaparin Dalteparin Tinzaparin Fondaparinux
Unstable angina/ 
non-ST-segment  
elevation MI 

    

Invasive strategy Class 1 (Level of 
evidence A) 

Class 1 (Level 
of evidence A) 

No No Class 1 (Level 
of evidence B) 

Conservative 
strategy 

Class 1 (Level of 
evidence A) § 

Class 1 (Level 
of evidence A) 

No No Class 1 (Level 
of evidence B) 

ST-elevation MI Class 1 (Level of 
evidence C) ¶ 

Class 1 (Level 
of evidence A) 

No No Class 1 (Level 
of evidence B) 

* For recommendations on the dosing of specific LMWHs, the ACCP refers to the individual 
product specifications. † Recommendations against use as the sole prophylactic agent. ‡ SC LMWH 
recommended over IV UFH for the initial treatment of acute deep-vein thrombosis, except for 
patients with severe renal failure (UFH recommended); SC LMWH recommended over IV UFH for 
the initial treatment of acute non-massive pulmonary embolism, except for patients with severe 
renal failure or if there is concern about SC absorption or thrombolytic therapy is planned (IV UFH 
recommended). § Enoxaparin or fondaparinux preferred over UFH unless coronary artery-bypass 
graft is planned within 24 hours. ¶ Regimens other than UFH recommended if anticoagulant therapy 
is given for more than 48 hours. IV = intravenous; SC = subcutaneous. 
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Authoritative bodies such as the American College of Chest Physicians (ACCP) and American 

Heart Association/American College of Cardiology (AHA/ACC) have produced guidelines on VTE 

management and ACS care, which can provide guidance on the suitability of the different parenteral 

anticoagulants in these settings (Table 4) [1,27-29]. For ACS, the AHA/ACC guidelines state that 

UFH, enoxaparin, and fondaparinux each satisfy criteria for effectiveness, but it is often difficult to 

conclude that one antithrombotic strategy is preferred over another [28,29]. For VTE indications, 

evidence-based guidelines from the ACCP recommend that the choice between a LMWH or 

fondaparinux should be based on the clinical indication, the level of evidence for each agent in that 

indication, and the approval of the regulatory bodies [1,14,27]. They do not provide specific 

recommendations for the different LMWHs other than referring back to the individual agents’ product 

specifications for dosing [1,27]. 

Indication-specific TI can take the form of TI in a single indication, for example replacing 

enoxaparin with dalteparin in VTE prevention after knee replacement [30]. However, dalteparin does 

not have an indication for VTE prevention after knee replacement. Alternatively, replacement of one 

agent with two other agents, has been considered in some hospitals to cover more indications. In such 

a dual TI program, enoxaparin has been replaced with dalteparin and fondaparinux for each of their 

approved VTE indications [31]. 

Indication-specific programs can be complicated to manage administratively, may incur additional 

costs, and may need educational initiatives. The need for additional measures and education as a result 

of a TI program may act as a barrier to improved compliance with VTE prophylaxis recommendations. 

This may make it difficult to ensure that an organization achieves the outcomes required by regulatory 

organizations for patient safety, quality, certification, and payment. In addition, indication-specific TI 

with one or more than one agent may cause prescribing confusion and potentially increase the opportunity 

for errors [17]. P&T committees should consider all these factors when reviewing the need for TI. 

3.3. Special Populations 

The suitability of drugs for TI may also depend on the patient populations involved. Special 

considerations may be necessary if the patient population contains large numbers of elderly, obese or 

pregnant patients, or if patients frequently have other complicating factors such as comorbidities. 

Effects on humanistic variables, including quality of life, functional status, and patient satisfaction 

should also be considered [13]. 

Patients who are elderly, obese, of very low body weight, or have renal impairment require careful 

dosing of anticoagulants, and dose adjustment may be needed as detailed in Table 5 [21,24-26].  

FDA-approved dose regimens are available for enoxaparin for elderly patients and patients with severe 

renal impairment (creatinine clearance [CrCl] <30 mL per min) [24]. Alternatively, dalteparin does not 

have specific dose regimens for patients with severe renal impairment; however, a maximum dose cap 

is recommended in obese patients treated for non-ST-segment elevation ACS and patients with cancer 

receiving extended VTE treatment. For tinzaparin a warning has been issued by the manufacturer to 

consider alternatives to tinzaparin for treatment of VTE in elderly patients with renal insufficiency 

(http://www.innohepusa.com/), based on interim data from a clinical study (IRIS; Innohep in Renal 

Insufficiency Study). As mentioned, fondaparinux is contraindicated in patients with severe renal 
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impairment (CrCl <30 mL per min) and as VTE prophylaxis in patients weighing less than 50 kg [21]. 

These significant differences in the indications for usage of various parenteral anticoagulants in special 

populations can make TI quite challenging. 

Table 5. Dosage considerations for parenteral anticoagulants in special patient  

populations [21,24-26]. 

Drug Renal impairment Obese patients 
Patients with 

low body weight 

Elderly patients  

(≥ 75 years) 

Enoxaparin 

FDA-approved dose 

adjustment in 

patients with CrCl  

<30 mL per min 

Dose cap: 

- 100 mg for first two SC doses 

only in ST-elevation MI patients  

(≥ 100 kg) 

Observe for 

signs of bleeding 

FDA-approved dose 

adjustment in  

ST-elevation  

MI patients 

Dalteparin 

Patients with CrCl  

<30 mL per min 

should be monitored 

for anti-Xa levels to 

determine the 

appropriate dose  

Dose cap: 

- 10,000 IU per dose in non-ST-

elevation MI patients (≥ 83 kg) 

- 18,000 IU per day in extended 

VTE treatment in cancer patients  

(≥ 83 kg) 

  

Tinzaparin 

Consider the use of 

alternatives in 

elderly patients with 

renal insufficiency 

Weight-based dosing is appropriate 

for heavy/obese patients 

- 175 IU/kg or 75 IU/kg  
 

Consider the use of 

alternatives in 

elderly patients with 

renal insufficiency 

Fondaparinux 

Contraindication: 

patients with CrCl  

<30 mL per min 

Dosing in VTE treatment:  

- 5.0 mg for body weight <50 kg 

- 7.5 mg for 50–100 kg 

- 10.0 mg for >100 kg 

Contraindication: 

VTE prophylaxis 

in patients  

<50 kg 

 

3.4. Costs 

In the current literature, there are no pharmacoeconomic analyses regarding interchanging 

parenteral anticoagulants. A few studies have investigated the economic consequences of a TI program 

changing from enoxaparin to dalteparin [30,32-35]. In 1996, the P&T committee of the University of 

Wisconsin Hospital and Clinics initiated a TI program in which enoxaparin was replaced with 

dalteparin as the only LMWH on formulary [32]. An annual reduction in LMWH acquisition costs of 

approximately $90,000 was reported. Observed rates of VTE and bleeding complications with 

dalteparin (n = 90) after TI were reported to be similar to a literature control group of enoxaparin  

(n = 5,578) [32]. 

A retrospective cohort study of 461 patients assessed a formulary switch from enoxaparin to 

dalteparin as prophylaxis for deep-vein thrombosis (DVT) in patients undergoing inpatient rehabilitation 

following total hip arthroplasty or total knee arthroplasty [35]. Adjusted per capita costs for DVT 

prophylaxis drug-acquisition and dispensing were $129 lower among patients treated with dalteparin, 

and the authors noted that patient care did not appear to be compromised. In a study from the 

Franciscan Health System, costs associated with inpatient health care use (which included costs such 

as room and board, and drug costs) were found to be equivalent when patients were treated with either 
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enoxaparin or dalteparin for total knee replacement surgery [33]. Another study evaluating the TI of 

enoxaparin to dalteparin after total knee replacement in 40 patients reported small increases in drug 

expenditure following the switch, compared with large rises in drug costs for VTE prior to the TI [30]. 

Several studies have suggested that the TI was associated with compromised efficacy [34,36].  

A retrospective analysis of symptomatic VTE events suggested compromised efficacy after TI from 

enoxaparin to dalteparin in 310 patients who underwent orthopedic surgery. The type of LMWH used 

independently predicted the occurrence of symptomatic VTE, with enoxaparin being more protective 

than dalteparin (odds ratio 0.39; 95% confidence interval [CI] 0.20–0.80) [36]. 

A Canadian study investigated the TI of enoxaparin to dalteparin for VTE prophylaxis in 135 patients 

with acute spinal cord injury and/or major orthopedic trauma; again, compromised efficacy was 

suggested [34]. Symptomatic DVT or pulmonary embolism was reported in one patient who received 

enoxaparin (1.6%) and seven patients who received dalteparin (9.7%), although the difference was not 

statistically significant (p = 0.103; absolute risk 8.1%; 95% CI −0.6 to 15.6). No differences were 

observed between enoxaparin and dalteparin when major bleeding (6.4% versus 6.9%, respectively;  

p = not significant) and mortality (4.8% versus 6.9%; p = 0.865) were assessed. Switching from 

enoxaparin to dalteparin was associated with savings of $12,485 Canadian dollars in LMWH 

acquisition costs over the 1-year study period. Despite these savings in acquisition costs, the authors 

concluded that enoxaparin should still be the prophylactic agent of choice because their data suggested 

compromised efficacy with dalteparin with regard to symptomatic DVT [34]. 

An important limitation of the majority of published TI studies is that acquisition costs alone were 

analyzed and this may not reflect savings in overall hospital expenditure. P&T committees need to 

consider the effect of TI on total expenditure, including the substantial costs of managing any negative 

outcomes, such as additional VTE events or adverse events. In addition to the cost of managing 

negative clinical outcomes, it is important to consider the staff resources required to set up and 

implement the program, and the cost of initiating TI [13]. TI may also add time to the dispensing 

process for pharmacists because of the steps involved in order to make a change to a prescription and, 

in some cases, the necessary patient education. 

3.5. Views of Regulatory Organizations and Medical Associations 

The views of regulatory organizations and medical associations may be helpful in assessing the 

suitability of specific parenteral anticoagulants for TI. Due to the uniqueness of each agent and the 

lack of evidence supporting therapeutic equivalence, the World Health Organization, the International 

Union of Angiology and the South Asian Society of Atherosclerosis and Thrombosis, as well as U.S. 

national organizations, including the ACCP, AHA/ACC and The North American Thrombosis Forum, 

state that the LMWHs are distinct, non-interchangeable agents [18,20,28,37]. 

4. Conclusions 

As a result of the expansion in the number of drugs within the same or comparable therapeutic 

classes, and the need to control drug and related health care expenditure, TI is increasingly being 

considered by P&T committees as a method of managing these issues in the hospital pharmacy. 

Current patient safety initiatives aimed at reducing the burden of VTE will lead to an increase in the 



Pharmaceuticals 2011, 4                  

          

1483

prescribing of thromboprophylaxis and could lead to more hospitals considering parenteral 

anticoagulants for a TI program. A key criterion for assessing the suitability of any agent for inclusion 

into a TI program, relates to the therapeutic equivalence of the agents in question. However, the 

therapeutic equivalence of the commonly prescribed parenteral anticoagulants enoxaparin, dalteparin, 

and fondaparinux in a blanket fashion is not supported by head-to-head trials and they are not regarded 

by regulatory authorities as interchangeable agents. The approach of an indication-specific TI program 

is more difficult to manage than a blanket TI for an agent, which could lead to increased opportunity 

for errors. A TI program for parenteral anticoagulants is also complicated by considerations related to 

their use in special populations, such as the elderly, the obese and those with renal impairment,  

who require careful dosing and specific dose adjustments. Although a TI program may be associated 

with lower drug-acquisition costs, it is important to determine its effect on all cost parameters, 

including staff resources to design, implement and audit the program, and the provision of additional 

dispensing time. 

An inappropriate TI program that fails to fully consider clinical and humanistic outcomes of care 

may eventually result in increased hospital costs. For example, reduced efficacy and safety may lead to 

further VTE or bleeding complications, and poor patient satisfaction may reduce patient compliance 

and, therefore, drug effectiveness. P&T committees should not be driven by drug-acquisition cost as 

the sole motivation for TI. Rather, committees should look at whether the available evidence supports 

a TI in terms of therapeutic equivalence, patient safety, and practical considerations. 

Acknowledgments 

The author received editorial support in the preparation of this manuscript funded by sanofi-aventis 

U.S., Inc. Hester van Lier, PhD, provided this support. The author is fully responsible for all content 

and decisions, and received no financial support or other form of compensation related to the 

development of the manuscript. 

Conflict of Interest 

The author has received research funding from sanofi-aventis and Boehringer-Ingelheim, and is a 

speaker for sanofi-aventis and Boehringer-Ingelheim. The editor has added the brand names and 

companies producing/marketing the drugs discussed. 

References 

1. Geerts, W.H.; Bergqvist, D.; Pineo, G.F.; Heit, J.A.; Samama, C.M.; Lassen, M.R.; Colwell, C.W. 

Prevention of venous thromboembolism: American College of Chest Physicians evidence-based 

clinical practice guidelines (8th edition). Chest 2008, 133, 381S-453S. 

2. MacDougall, D.A.; Feliu, A.L.; Boccuzzi, S.J.; Lin, J. Economic burden of deep-vein thrombosis, 

pulmonary embolism, and post-thrombotic syndrome. Am. J. Health Syst. Pharm. 2006, 63,  

S5-S15. 

3. Amin, A.; Stemkowski, S.; Lin, J.; Yang, G. Thromboprophylaxis rates in US medical centers: 

Success or failure? J. Thromb. Haemost. 2007, 5, 1610-1616. 



Pharmaceuticals 2011, 4                  

          

1484

4. Amin, A.N.; Stemkowski, S.; Lin, J; Yang, G. Preventing venous thromboembolism in US 

hospitals: Are surgical patients receiving appropriate prophylaxis? Thromb. Haemost. 2008, 99, 

796-797. 

5. Tapson, V.F.; Decousus, H.; Pini, M.; Chong, B.H.; Froehlich, J.B.; Monreal, M.;  

Spyropoulos, A.C.; Merli, G.J.; Zotz, R.B.; Bergmann, J.F.; et al. IMPROVE Investigators. 

Venous thromboembolism prophylaxis in acutely ill hospitalized medical patients: Findings from 

the International Medical Prevention Registry on Venous Thromboembolism. Chest 2007, 132, 

936-945.  

6. Cohen, A.T.; Tapson, V.F.; Bergmann, J.F.; Goldhaber, S.Z.; Kakkar, A.K.; Deslandes, B.; 

Huang, W.; Zayaruzny, M.; Emery, L.; Anderson, F.A., Jr.; ENDORSE Investigators. Venous 

thromboembolism risk and prophylaxis in the acute hospital care setting (ENDORSE study): A 

multinational cross-sectional study. Lancet 2008, 371, 387-394.  

7. The Joint Commission. Venous Thromboembolism (VTE) Core Measure Set. Available online: 

http://www.jointcommission.org/assets/1/6/Venous%20Thromboembolism.pdf (accessed on 16 

August 2011). 

8. Colorado Foundation for Medical Care. Surgical Care Improvement Project (SCIP). Available 

online: http://www.cfmc.org/hospital/hospital_scip.htm (accessed on 16 August 2011). 

9. US Department of Health & Human Services. Centers for Medicare & Medicaid Services. 

Hospital Quality Initiatives. Hospital Inpatient Quality Reporting Program. Available online: 

http://www.cms.hhs.gov/HospitalQualityInits/08_HospitalRHQDAPU.asp/ (accessed on 16 

August 2011).  

10. US Department of Health & Human Services. Centers for Medicare & Medicaid Services. 

Physician Quality Reporting System. Measures Codes. Available online: http://www.cms.hhs.gov/ 

PQRI/15_MeasuresCodes.asp#TopOfPage/ (accessed on 16 August 2011). 

11. Franciscan Health System. Therapeutic Interchange. March 11, 2005. Available online: 

http://www.ashp.org/s_ashp/docs/files/TherapeuticInterchange.pdf (accessed on 16 August 2011). 

12. Southwest Washington Medical Center. Dalteparin (Fragmin®) replaces enoxaparin (Lovenox®) 

as low molecular weight heparin on formulary. Pharmacy and Therapeutics Newsletter, 2009. 

Available online http://www.swmedicalcenter.com/documents/MedicalStaffServices/PT 

Newsletter06-09.pdf (accessed on 16 August 2011). 

13. Gray, T.; Bertch, K.; Galt, K.; Gonyeau, M.; Karpiuk, E.; Oyen, L.; Sudekum, M.J.;  

Vermeulen, L.C.; American College of Clinical Pharmacy. Guidelines for therapeutic 

interchange-2004. Pharmacotherapy 2005, 25, 1666-1680.  

14. Cardiovascular Disease Educational and Research Trust; Cyprus Cardiovascular Disease 

Educational and Research Trust; European Venous Forum; International Surgical Thrombosis 

Forum; International Union of Angiology; Union Internationale de Phlébologie. Prevention and 

treatment of venous thromboembolism. International Consensus Statement (guidelines according 

to scientific evidence). Int. Angiol. 2006, 25, 101-161.  

15. Harenberg, J. Differences of present recommendations and guidelines for generic  

low-molecular-weight heparins: Is there room for harmonization. Clin. Appl. Thromb. Hemost. 

2011, doi: 10.1177/1076029610392216. 



Pharmaceuticals 2011, 4                  

          

1485

16. Fareed, J.; Leong, W.L.; Hoppensteadt, D.A.; Jeske, W.P.; Walenga, J.; Wahi, R.; Bick, R.L. 

Generic low-molecular-weight heparins: Some practical considerations. Semin. Thromb. Hemost. 

2004, 30, 703-713.  

17. Gainor, C.; Vanscoy, G.J.; Niccolai, C.S.; Rihn, T.L. Pharmacologic and liability considerations 

of therapeutic interchange with low-molecular-weight heparins. Hosp. Pharm. 2003, 38, 652-658.  

18. Fareed, J.; Bick, R.L.; Rao, G.; Goldhaber, S.Z.; Sasahara, A.; Messmore, H.L.;  

Happensteadt, D.A.; Nicolaides, A.; IACATH; IUA; SASAT; NATF. The immunogenic potential 

of generic version of low-molecular-weight heparins may not be the same as the branded 

products. Clin. Appl. Thromb. Hemost. 2008, 14, 5-7.  

19. Merli, G.J.; Vanscoy, G.J.; Rihn, T.L.; Groce, J.B., 3rd; McCormick, W. Applying scientific 

criteria to therapeutic interchange: A balanced analysis of the low-molecular-weight heparins.  

J. Thromb. Thrombolysis 2001, 11, 247-259. 

20. Hirsh, J.; Bauer, K.A.; Donati, M.B.; Gould, M.; Samama, M.M.; Weitz, J.I. Parenteral 

anticoagulants: American College of Chest Physicians evidence-based clinical practice guidelines 

(8th edition). Chest 2008, 133, 141S-159S. 

21. GlaxoSmithKline. Arixtra (fondaparinux sodium) solution for subcutaneous injection. February 

2011. Available online: http://us.gsk.com/products/assets/us_arixtra.pdf (accessed on 16 August 

2011).  

22. Hirsh, J.; O’Donnell, M.; Eikelboom, J.W. Beyond unfractionated heparin and warfarin: Current 

and future advances. Circulation 2007, 116, 552-560.  

23. Bauer, K.A.; Eriksson, B.I.; Lassen, M.R.; Turpie, A.G.; Steering Committee of the Pentasaccharide 

in Major Knee Surgery Study. Fondaparinux compared with enoxaparin for the prevention  

of venous thromboembolism after elective major knee surgery. N. Engl. J. Med. 2001, 345,  

1305-1310.  

24. Sanofi-aventis U.S. LLC. Lovenox® (enoxaparin sodium injection) for subcutaneous and 

intravenous use. April 2011. Available online: http://products.sanofi-aventis.us/lovenox/ 

lovenox.pdf (accessed on 16 August 2011). 

25. Pfizer Inc. Fragmin® (dalteparin sodium injection) for subcutaneous use only. April 2007. 

Available online: http://www.pfizer.com/files/products/uspi_fragmin.pdf (Accessed on 16 August 

2011). 

26. Leo Pharmaceutical Products. Innohep (tinzaparin sodium injection) for subcutaneous use only. 

December 2008. Available online: http://www.innohepusa.com/w-site/innohepusa/innohepusa.nsf/ 

0/1701912F6731BEFEC12576F00032E0F7/$File/INNOHEP_PI_(November_2009).pdf (accessed 

on 16 April 2010). 

27. Kearon, C.; Kahn, S.R.; Agnelli, G.; Goldhaber, S.; Raskob, G.E.; Comerota, A.J. Antithrombotic 

therapy for venous thromboembolic disease: American College of Chest Physicians  

evidence-based clinical practice guidelines (8th edition). Chest 2008, 133, 454S-545S. 



Pharmaceuticals 2011, 4                  

          

1486

28. Antman, E.M.; Hand, M.; Armstrong, P.W.; Bates, E.R.; Green, L.A.; Halasyamani, L.K.; 

Hochman, J.S.; Krumholz, H.M.; Lamas, G.A.; Mullany, C.J.; et al. 2007 Focused Update of the 

ACC/AHA 2004 Guidelines for the Management of Patients with ST-Elevation Myocardial 

Infarction: A report of the American College of Cardiology/American Heart Association Task 

Force on Practice Guidelines: Developed in collaboration with the Canadian Cardiovascular 

Society endorsed by the American Academy of Family Physicians: 2007 Writing Group to 

Review New Evidence and Update the ACC/AHA 2004 Guidelines for the Management of 

Patients with ST-Elevation Myocardial Infarction, Writing on Behalf of the 2004 Writing 

Committee. Circulation 2008, 117, 296-329.  

29. Anderson, J.L.; Adams, C.D.; Antman, E.M.; Bridges, C.R.; Califf, R.M.; Casey, D.E., Jr.; 

Chavey, W.E., 2nd.; Fesmire, F.M.; Hochman, J.S.; Levin, T.N.; et al.; American College of 

Cardiology; American Heart Association Task Force on Practice Guidelines (Writing Committee 

to Revise the 2002 Guidelines for the Management of Patients With Unstable Angina/Non  

ST-Elevation Myocardial Infarction); American College of Emergency Physicians; Society for 

Cardiovascular Angiography and Interventions; Society of Thoracic Surgeons; American 

Association of Cardiovascular and Pulmonary Rehabilitation; Society for Academic Emergency 

Medicine. ACC/AHA 2007 guidelines for the management of patients with unstable angina/non 

ST-elevation myocardial infarction: A report of the American College of Cardiology/American 

Heart Association Task Force on Practice Guidelines (Writing Committee to Revise the 2002 

Guidelines for the Management of Patients With Unstable Angina/Non ST-Elevation Myocardial 

Infarction): Developed in collaboration with the American College of Emergency Physicians, the 

Society for Cardiovascular Angiography and Interventions, and the Society of Thoracic Surgeons: 

Endorsed by the American Association of Cardiovascular and Pulmonary Rehabilitation and the 

Society for Academic Emergency Medicine. Circulation 2007, 116, e148-e304. 

30. Komorny, K.M.; Ewald, J.R. Dalteparin after total knee replacement. Am. J. Health Syst. Pharm. 

2002, 59, 2451-2452.  

31. Therapeutic Interchange Implemented for Injectable Anticoagulation Agents. Pharm. Ther. 

Newsl. Southwest Wash. Med. Cent. 2009, 8, 1. Available online: http://www. 

swmedicalcenter.com/documents/MedicalStaffServices/PTNewsletter11-09.pdf (accessed on 4 

October 2011). 

32. Bollinger, K.A.; Vermeulen, L.C.; Davis, S.N.; Geurkink, E.A. Comparative effectiveness of  

low-molecular-weight heparins after therapeutic interchange. Am. J. Health Syst. Pharm. 2000, 

57, 368-372. 

33. Allen, L.R.; Bonck, M.J.; Lofgren, K.L.; Mayo, K.W.; Mozaffari, E. Low-molecular-weight 

heparin therapy for patients undergoing total knee replacement surgery: Cost and outcomes.  

Hosp. Pharm. 2003, 38, 833-840. 

34. Slavik, R.S.; Chan, E.; Gorman, S.K.; de Lemos, J.; Chittock, D.; Simons, R.K.; Wing, P.C.;  

Ho, S.G. Dalteparin versus enoxaparin for venous thromboembolism prophylaxis in acute spinal 

cord injury and major orthopedic trauma patients: ‘DETECT’ trial. J. Trauma 2007, 62,  

1075-1081. 



Pharmaceuticals 2011, 4                  

          

1487

35. Krotenberg, R.; Adler, U.; Pomeranz, B.; Miller, J.D.; Russell, M.W. Dalteparin vs. enoxaparin as 

prophylaxis for deep-vein thrombosis after total hip or knee arthroplasty: A retrospective analysis. 

Am. J. Phys. Med. Rehabil. 2001, 80, 889-895.  
36. Schiff, R.L.; Kahn, S.R.; Shrier, I.; Strulovitch, C.; Hammouda, W.; Cohen, E.;  

Zukor, D. Identifying orthopedic patients at high risk for venous thromboembolism despite 

thromboprophylaxis. Chest 2005, 128, 3364-3371. 

37. Kalodiki, E.; Fareed, J.; Tapson, V.F.; Hoppensteadt, D.A.; Sussman, I.; Carter, C.A.; Parker, S.; 

Harenberg, J.; Hull, R.; Rao, G.; et al. A consensus conference on complex biologics and low 

molecular weight heparins. Int. Angiol. 2010, 29, 193-196. 

© 2011 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


