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Abstract 
Healthcare practitioners have many anticoagulant options for treating various 
disease states pertaining to blood clots and blood clot formation. Each anti-
coagulant has pros and cons and the decision of which pharmacological agent 
to use can be confusing and difficult. In years past, Vitamin K antagonists 
have been the standard of care when treating specific disease states such as 
atrial fibrillation and venous thromboembolism based on habit and cost of 
care. The emergence of newer anticoagulants should be considered the new 
standard of care based on the evidence presented over the last several years.  
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1. Introduction 
1.1. Significance of the Study 

Vitamin K Antagonists (VKAs), like warfarin, have been the standard of care in 
the treatment of patients with atrial fibrillation (AF) and venous thromboem-
bolism (VTE) for over 50 years despite the introduction of new treatment thera-
pies. Due to the narrow therapeutic index, VKA treatment requires constant 
blood monitoring through routine International Normalized Ratio (INR) testing 
to ensure the patient is within the Time in Therapeutic Range (TTR). Many 
foods and drugs interact with VKA therapy which can cause a patient to be over- 
or under-exposed, leading the patient to be at risk of either a thrombotic event 
or bleeding event. AF is expected to increase by an estimated 12.1 million indi-
viduals by 2030 with an estimated annual cost of $26 billion [1]. Non-vitamin K 
antagonist (or Novel) oral anticoagulants (NOACs, also known as DOACs) have 
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entered the pharmacological marketplace within the last several years.  

1.2. Research Problems, Studies That Have Addressed Them, and  
Their Deficiencies 

Hundreds of studies have been performed assessing the safety and efficacy of 
NOACs versus warfarin but failed to provide information based on cost and pa-
tient satisfaction. Some trials have found NOACs perform better depending on 
risk stratification, secondary prevention, or serious adverse events such as intra-
cranial hemorrhaging [2] [3] [4]. Real-world evidence (RWE) has helped deter-
mine the effectiveness of NOACs outside of the clinical trial setting. There have 
been many studies showing the proven efficacy and safety of NOACs among 
many different patient populations and disease states, including those patients 
with cancer-related VTEs [5]. Other RWE trials have shown a benefit toward 
NOACs versus warfarin regarding cardiovascular death in the elderly patient 
population [6]. All of the trials and studies listed in this section failed to analyze 
the cost of NOAC therapy versus vitamin K antagonists or patient satisfaction.  

Other trials have looked at issues dealing with patient satisfaction, but not 
safety and efficacy. While warfarin dosing adjustments can be confusing to pa-
tients, three of the four NOACs have once a day dosing which could be consi-
dered more convenient for patients and help with patient compliance [7] [8].  

Cost is a considerable aspect to the healthcare setting in determining the use 
of specific therapies. Dr Amin studied cost as it relates to a warfarin patient’s 
TTR [9]. Amanda Harrington quantified the quality-adjusted life expectancy, 
risk of adverse events and net costs over a 30-year time frame [10]. All of these 
trials relating to cost were limited in analyzing efficacy, safety, and/or patient sa-
tisfaction. One trial attempted to include efficacy and safety into the cost analysis 
but failed to address patient satisfaction [11].  

1.3. Purpose Statement 

The objective of this meta-analysis study is to explore the possibility of direct 
oral anticoagulants (DOACs) becoming the gold standard for clot prevention 
versus vitamin K antagonists, like warfarin, in adult men and women who have 
been diagnosed in the hospital setting, or a physician’s office, as having nonval-
vular atrial fibrillation (AFIB) or venous thromboembolism (VTE). For the pur-
poses of this study, a tentative definition for gold standard will be the best avail-
able option when considering efficacy, safety, and cost. 

2. Literature Review 

Anticoagulation is a therapeutic option to help prevent clot formation due to 
stasis of blood flow, endothelial injury, or hypercoagulability (also known as 
Virchow’s triad). Clot formation can lead to serious injury, including death. 
Specific disease states are caused by clots including deep vein thrombosis (DVT), 
pulmonary embolism (PE), ischemic strokes, peripheral artery disease (PAD), 
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and coronary artery disease (CAD) to name a few. While there have been several 
injectable options available for decades (heparin, low molecular weight heparin, 
fondaparinux, etc.) there have been few oral pharmacologic therapies until the 
last 10 years. Warfarin, also known by the brand name Coumadin, has been 
available since 1954. Warfarin was a groundbreaking pharmacologic therapy de-
signed to help prevent disease states caused by clot formations. For 50+ years 
this oral agent was the gold standard of anticoagulation therapy. However, in 2012 
newer therapies began being released. These oral options named non-vitamin K 
antagonists, or NOACs, have several advantages versus warfarin. Many favorable 
aspects arose with NOACs compared to warfarin including fewer drug and food 
interactions, no required routine blood monitoring, and the quick onset of pa-
tients becoming fully anticoagulated. Non-vitamin K antagonist patients become 
fully anticoagulated in 2 - 4 hours versus warfarin in which patients become fully 
anticoagulated in 5 - 7 days. 

The Components Involved for the Gold Standard and Addressing  
the Needs 

NOACs should be considered as the new gold standard to anticoagulation ther-
apy within the healthcare industry if they prove to benefit patients more so than 
warfarin. There are several considerations to analyze regarding the impact 
NOACs will have on the healthcare industry. The broadest topic being NOACs 
have positive efficacy and safety results when being compared to the standard of 
care, warfarin. A pharmacological treatment should be considered the standard 
of care if that therapy is at least as efficacious, if not more, than the previous 
standard of therapy. Efficacy data can be analyzed not only in the phase 1 - 3 set-
tings but considering the NOACs have been utilized for several years in medical 
offices and hospital systems, real-world data and experiences should be consi-
dered when analyzing the impact of NOACs as the new gold standard. Patient 
cost should be included when considering the patient’s quality of life and satis-
faction. The next item to consider would be patient satisfaction and their quality 
of life.  

Patients have a variety of ailments and comorbidities, hence practitioners can 
have difficult decisions in deciding the best pharmacological therapy for their 
patients. To aid providers in their decisions, specific risk stratification tools have 
become prevalent. In assessing stroke risk, CHADS2 became the gold standard 
followed by CHADS-VASc which is more detailed. While all the NOACs have 
shown to be either non-inferior or superior to warfarin in individual studies, Dr. 
Hernandez was able to find a pronounced difference in favor of NOACs versus 
warfarin in patients with lower CHADS-VASc score pertaining to efficacy and 
safety. Patients with higher CHADS-VASc scores did find benefit in both safety 
and efficacy versus warfarin, but more studies should be performed in this sub-
group population [2]. Secondary events need to be assessed, too. If a stroke pa-
tient survives, the risk of that patient having another event is increased as well as 
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the severity of the stroke. Investigators have found patients on warfarin who 
have had a secondary event to be higher than that of a NOAC, 32.3% versus 
18.5% respectively [3]. One of the biggest safety concerns for warfarin is intra-
cranial hemorrhages (ICHs). AF patients on warfarin should have an INR level 
between 2.0 - 3.0 [6]. Though many drugs and foods can cause a warfarin patient 
to fall outside the therapeutic range, 65% of ICHs occur when a patient has a 
normal INR reading [4]. All NOACs have provided evidence of lower risks for 
hemorrhagic strokes and intracranial bleeding in numerous published studies 
and journal articles. The proven efficacy and safety profiles of the NOACs have 
shown them to be a viable option compared to warfarin therapy. 

In reviewing hospital systems, NOACs could be considered more appealing 
and the new standard of care because of the reduction of costs and the length of 
stay (LOS) for the patient which can be attributed to improved performance. Pa-
tient admits can be costly and drain resources that the hospital might not be able 
to afford. NOACs have been found to reduce the length of stay as well as costs 
versus warfarin. For example, a study reviewed deep vein thrombosis (DVT) pa-
tients on rivaroxaban versus LMWH/warfarin over a 2-year period and found a 
cost reduction of 22% in favor of rivaroxaban while previous studies have found 
similar results [12]. Multiple NVAF studies have been performed on individual 
NOACs and their related hospital costs and LOS. One study assessed apixaban 
versus warfarin in patients with NVAF after stating that approximately $26 bil-
lion dollars are spent annually with hospitalization accounting for 52% of the fi-
nal costs. This study found apixaban had a statistically significant reduction in 
the mean LOS and cost analysis versus warfarin which align to what other 
NOAC trials have found [1]. From a hospital perspective, NOACs seem to be a 
more ideal therapeutic option versus warfarin based on not only the efficacy/ 
safety evidence but the studies which have shown fewer costs and LOS in respect 
to prescribing NOACs versus warfarin. Saving costs from a patient perspective 
and saving time through preventing more events make NOACs an ideal choice. 
However, practitioners consider many items when choosing an anticoagulant in 
the hospital setting. Variations from patient risk factors to patient financial sta-
bility has determined what therapy a patient might receive, even with “robust 
evidence” being available, according to Dr. Patel [13]. 

Cost is a considerable aspect to the healthcare setting in determining the use 
of specific therapies and a potential gold standard option. Cost for the patient as 
well as the hospital institutions should be considered, as previously mentioned. 
There could be specific cases where NOAC therapy might not be financially 
sound. For instance, Dr. Amin found that as a warfarin patient’s TTR increased, 
stroke risk and bleeding events decreased which in turn decreased medical costs. 
Those patients who are always in the therapeutic range will not find it financially 
feasible to switch to a NOAC, however previous real-world studies have shown 
warfarin patients average TTR was between 55% and 69.2% [9]. While strokes 
are expected to increase over the next several decades, the healthcare industry 
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should focus on the associated costs of strokes including ICHs, subarachnoid 
hemorrhages, and ischemic strokes. Amanda Harrington quantified the quality- 
adjusted life expectancy, risk of adverse events and net costs over a 30-year time 
frame using societal perspectives and found rivaroxaban, apixaban and dabiga-
tran were more cost-effective than warfarin for stroke prevention in patients with 
nonvalvular AF [10]. Other studies were able to evaluate the cost-effectiveness of 
NOACs versus warfarin within shorter time frames. Using similar methods as 
Amanda Harrington, Dr. Reddy found NOACs to be more effective than warfa-
rin at year 1 and achieved cost-effectiveness at year 16. Dr. Reddy ultimately 
found NOACs were more cost-effect than warfarin and stated NOACS could 
change the “treatment paradigm” for NVAF patients [14]. There have been 
many individual NOACs which have been studied versus warfarin to assess total 
cost effectiveness. One such studied analyzed rivaroxaban versus warfarin. In-
vestigators studied various comorbidities including ischemic stroke, ICH, MI, 
extracranial hemorrhage, minor hemorrhage, and death. Dr. Lee found rivarox-
aban to be economically dominant over warfarin [11].  

Real-world evidence (RWE) has helped determine the effectiveness of NOACs 
outside of the clinical trial setting. There have been many studies showing the 
proven efficacy and safety of NOACs among many different patient populations 
and disease states. A recent real-world meta-analysis analyzed both prospective 
and retrospective studies in patients suffering from VTE. The investigators re-
viewed several large claims databases and payers and found that RWE support 
both the efficacy and safety of utilizing NOACs as a pharmacological treatment 
option for patients with VTE, including those patients with cancer-related VTEs 
[5]. Of course, when speaking to anticoagulation, the largest concern is safety or 
bleeding. Though all the individual NOAC trials were found to be non-inferior 
or superior regarding safety, the RWE has proven these finding to be consistent. 
Dr. Lip conducted an RWE study comparing the safety of rivaroxaban, dabiga-
tran and apixaban to warfarin. Dr. Lip found consistency in that all three 
NOACs were found to have similar results as were in their own perspective clin-
ical trials, ROCKET-AF, RE-LY, and ARISTOTLE [15].  

Finally, patient experiences with warfarin and NOACs should be evaluated to 
help identify the potential impact of anticoagulants within the healthcare setting 
and the standard of care. Dosing with warfarin can be confusing and compli-
cated. Patients must fall within the INR therapeutic range of 2.0 - 3.0. Patients 
outside the therapeutic range not only require dose adjustments but the effects 
can be life threatening. A warfarin patient with an INR > 3.0 are at risk of having 
a bleeding event while if the INR < 2.0 the AF patient is at risk of having a 
stroke. One study found non-adherence to warfarin therapy was 92% during a 
32-week period [7]. While warfarin dosing adjustments can be confusing to pa-
tients, three of the four NOACs have once a day dosing which could be consi-
dered more convenient for patients and help with patient compliance. Besides 
dosing, there are several patient perceptions and comprehensions that should be 
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taken into consideration prescribing an anticoagulant. There are different levels 
of involvement patients experience when being prescribed warfarin or a NOAC. 
One such study analyzed patient themes between the two classes of anticoagu-
lants. Patients prescribed warfarin were less likely to receive support or informa-
tion regarding their diagnosis. Patients receiving warfarin were not told the im-
portance of receiving oral anticoagulant therapy, were not told the differences 
between warfarin versus NOACs and were not given a risk assessment. Those 
same patients had a poor understanding of their treatment and had issues with 
adherence [8]. Based upon patient adherence, understanding of their disease 
state and therapeutic regimen NOAC therapy should be preferred over warfarin. 
These findings, along with the superior efficacy, safety, and overall costs of 
NOACs versus warfarin should support the suggestion that NOACs become the 
new gold standard for anticoagulation therapy among the appropriate patient 
types.  

3. Methods 
3.1. Design 

This study incorporates a mixed method strategy utilizing both quantitative and 
qualitative data to design a theoretical assumption based on deciding the gold 
standard in anticoagulation therapy. Addressing a quantitative approach is ne-
cessary when considering the efficacy, safety, cost, and real-world evidence of 
non-vitamin K antagonists versus warfarin. The trials that will be analyzed for 
these metrics collected quantifiable, statistical information. However, a key 
component in deciding the gold standard is patient satisfaction and quality of 
life. Qualitative analyses relate to patient satisfaction by addressing patient’s in-
sights and experiences as it relates to anticoagulation therapy. The trials that will 
be analyzed for the purpose of this study spoke to the quality of specific thera-
peutic products via patient interpretation.  

3.2. Data Collection 

The analyzed trials consisted of using multiple databases, including claims data 
from CMS. Other data collection included surveys and utilizing data from pre-
viously performed trials. Data analysis and integration varied throughout the 
analyzed trials. The most common analysis consisted of 1:1 propensity score 
matching followed by the utilization of various Markov Models. There were 
multiple tests performed to account for covariables including Kruskal-Wallis, 
Chi-squared, and Wilcoxon signed-ranked tests [13] [15]. Other data analyses 
consisted of a probabilistic sensitivity analysis [10]. 

4. Data Analysis 
4.1. Efficacy and Safety 

Pharmacological therapies are FDA approved based on the product’s efficacy 
and safety. Disease states usually have more than one product to help prevent or 
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manage symptoms. Furthermore, these products can differ in the benefits they 
provide for the patient including better risk prevention or safety outcomes. In 
referencing at-risk patients, the scientific community continuously develops risk 
stratification methods. For example, as previously mentioned for stroke patients, 
CHADS-VASc is the common method for determining a patient’s risk of having 
a stroke. Dr. Hernandez studied patients regarding high and low CHADS-VASc 
scores and found NOACs to be more favorable versus warfarin, pertaining to ef-
ficacy and safety. While the benefits of NOAC usage proved beneficial according 
to Dr. Hernandez’s study, more trials in this specific patient type would be bene-
ficial [2]. The likelihood of a stroke patient suffering a second stroke is exponen-
tially higher versus the risk of a patient having a stroke for the first time. This is 
a specific patient type that is often found in the medical community. These pa-
tient types have been studied extensively and investigators have found NOACs 
to be much more efficacious versus warfarin [3]. Unfortunately, a serious side 
effects of warfarin use are intracranial hemorrhages (ICHs). ICHs are dangerous 
because the bleed occurs in a closed cavity. The exposed blood puts pressure on 
the brain, which can cause debilitating effects or commonly, death. Regrettably, 
even though a patient may be in therapeutic range while taking warfarin, an ICH 
can occur [4]. A desired benefit for all NOACs is the medically based evidence of 
patients having lower risks for hemorrhagic strokes and intracranial bleeding 
which has been proven time and again. When considering the Gold Standard for 
anticoagulation, based on efficacy and safety as shown in Figure 1, NOACs are 
far more favorable than warfarin (Table 1). 
 
Table 1. Trial findings based on authors’ interpretation. 

Efficacy/Safety  warfarin NOAC 

Hernandez, et al., 2018 favors   

Kanai, et al., 2018 favors   

Cost  warfarin NOAC 

Harrington, et al., 2013 favors   

Reddy, et al., 2015 favors   

Lee, et al., 2012 favors   

Merli, et al., 2016 favors   

Xie, et al., 2016 favors   

Real-World Evidence  warfarin NOAC 

Beyer-Westendorf, 2018 favors   

Lip, et al., 2016 favors   

Patient Satisfaction  warfarin NOAC 

Vrijens & Heidbuchel, 2015 favors   

Clarkesmith, et al., 2017 favors   
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Figure 1. Components of gold standard therapy. Legend: Efficacy and Safety of oral anti-
coagulants. Cost relating to patients having an event, copays for anticoagulant products, 
and hospital stays. Real-World Evidence based on usage of products in patient popula-
tions after approval process. Patient Satisfaction relates to a patients' attitude toward re-
ceiving and adhering to oral anticoagulant therapy. 

4.2. Cost 

The cost of therapies tends to be a driving force among provider and patient use. 
There may be instances where a NOAC is not financially viable for a patient. 
When analyzing patients who suffer from disease states where anticoagulation 
would be used, these patients are typically older with several comorbidities. The 
older patient population is likely to be on Medicare. For those patients with 
Medicare Part D (prescription benefits), they are likely to hit the “Donut Hole”. 
While a Medicare D patient is in the “Donut Hole” they are responsible for pay-
ing a higher percentage of the cash price for pharmacologic products. This 
translates to higher costs for brand name drugs versus generics. Hence, a pa-
tient’s comorbidities could determine which pharmacologic agent they receive 
based on their financial status [13]. Yet, when considering the future of the 
medical industry, as previously mentioned, strokes are expected to increase over 
the next several decades which means there will be opportunities to cut costs. A 
primary focus on the associated costs of strokes should include both the safety 
aspect and efficacy. Investigators have found substantial cost benefits when con-
sidering NOAC use versus warfarin over a multiple decades [10]. In fact, studies 
have shown cost benefits associated with NOACs versus warfarin in as little as 
16 years. When considering Gold Standard anticoagulation therapy authors have 
agreed that NOACS could become the new standard therapy [14]. While not all 
NOACs are the same, several individual NOACs have produced cost analysis 
studies versus warfarin and all have shown some level of benefit, including riva-
roxaban [11]. Form a cost perspective, NOACs have proven to be more finan-
cially beneficial both short-term and long-term versus traditional warfarin ther-
apy. These findings support the idea that NOACs should be considered the new 
standard of care (Table 1). Cost being an attribute toward defining the gold 
standard as depicted in Figure 1.  

4.3. Cost in Hospital Setting 

Medical institutions incur a lot of costs associated with patients suffering from 
clots. An opportunity for revenue among institutions includes reimbursements 
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from CMS (Centers for Medicaid and Medicare). Hospitals are given bonuses 
based on Quality Measures which include goals regarding the length of stay 
(LOS) for the patient along with patient readmits. In fact, hospitals may be pena-
lized for poor performance based on these Quality Measures, too. Multiple 
NOAC studies have proven to have a reduced LOS and a reduction of patient 
readmits versus warfarin [1] [12]. When considering costs from an institutional 
viewpoint, NOACs are a more ideal therapeutic option versus warfarin from 
both an individual patient’s perspective, as well as from an institutional perspec-
tive. These findings support the idea of NOACs becoming the new standard of 
care (Table 1). 

4.4. Real-World Evidence (RWE) 

Many times, providers are hesitant to use pharmacologic agents until they have 
been approved for over a year or more. The most common reason being how the 
product performs in a clinical setting versus a controlled clinical trial. The larg-
est benefit for real-world evidence trials is to observe the performance of the 
product among providers who treat that specific patient type. Electronic health 
records and databases have proven useful in analyzing various products in a va-
riety of patients with multiple comorbidities, such as cancer [5]. Considering the 
past evidence of safety issues among warfarin use, providers tend to be leery 
about prescribing anticoagulants. The fear being that a patient experiences a 
bleeding event. RWE evaluating safety with anticoagulant use can have a favora-
ble effect on provider confidence. Dr. Lip’s trial, which showed clear benefits for 
multiple NOACs versus warfarin is a prime example of why NOACs need to be 
the Gold Standard of anticoagulant therapy [15], as seen in Figure 1 and Table 1.  

4.5. Patient Satisfaction 

Patient satisfaction needs to be addressed to ensure proper treatment. Patients 
who are not happy with their treatment regimen are likely to be noncompliant 
with their medicine. For example, some warfarin dosing plans can be confusing, 
or patients may struggle with following the diet that is require while on warfarin 
therapy. These issues can cause patients to be at risk of either a bleeding event, 
or a clotting event due to non-adherence or noncompliance [7]. Another benefit 
to NOAC therapy is the once-daily dosing which helps with compliance. Unfor-
tunately, warfarin dosing has proven to be confusing to some patients. There 
could be many reasons as to why warfarin dosing could be confusing, but this 
issue could cause the patient to be at risk [8]. When considering the seriousness 
of the disease state, patient experiences are important to consider when ad-
dressing which product should be the standard of care (Table 1). 

5. Conclusion 

NOACs have had a dramatic impact on the healthcare industry. With the newer 
anticoagulation therapies come obvious benefits over the previous standard of 
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care, warfarin. These benefits, which have been stated earlier, have shown posi-
tive impacts for both patients and institutions. There have been many studies, 
both randomized clinical trials and RWE trials, which have proven NOACs to be 
just as beneficial, if not more so, than warfarin. Leading experts have stated that 
NOACs should be recommended over warfarin in most patients after a bleeding 
risk assessment has been performed, when considering cardiovascular death and 
in elderly patients [6]. Over the last several years NOACs have been utilized 
more often. Patient and hospital costs have decreased, and patient care has in-
creased. Some guidelines have begun recommending NOAC therapy as a pre-
ferred option. The NOACs have brought about a positive change to patients’ 
lives, hospital costs and admission rates, and the overall healthcare marketplace. 
Warfarin will eventually become redundant in patients with NVAF and VTE 
and NOACs are becoming the new standard of care in these disease states [16]. 
Based on the gathered data and upon analysis of the findings from this me-
ta-analysis, it can be justified that NOACs should be the new gold standard 
when speaking to thrombotic prevention. 

Validity 

The convergent mixed method design will be used for the purposes of this study. 
The challenge with this approach pertains to the data being analyzed for this 
meta-analysis. The referenced trials consist of either a quantitative approach, or 
a qualitative approach. Data gathering from the analyzed trials could have cer-
tain limitations such as coding errors, human error when cataloging, and author 
bias depending on funding. 
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