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Background

Atrial fibrillation (AF) is the most common cardiac 
arrhythmia and increases the risk of stroke and systemic 
embolism (1). The prevalence of AF increases with age and 
is more common in the male population (2). In patients 
with AF, the risk of stroke increases with increasing age, 
rising from 1.5% for those aged 50-59 years to 23.5% for 
those aged 80-89 years (3). Oral anticoagulation therapy is 
the standard of care for outpatient prevention of stroke and 
systemic embolism. A systematic review of the literature 
follows describing the role of novel oral anticoagulants 
(NOAC) in patients with nonvalvular AF. 

Introduction

Warfarin, first approved in 1954 for use as a blood thinner 
in humans, has long remained the most widely prescribed 
oral anticoagulant in the United States (4). Warfarin works 
as a vitamin K antagonist, inhibiting the function of vitamin 
K epoxide reductase and reducing the production of vitamin 
K dependent proteins in the coagulation cascade (5,6). 

However, clinical management of patients taking warfarin 
can be complex due to multiple drug-drug interactions, 
essential dietary counseling, and routine monitoring in an 
outpatient setting (5,7). 

In nonvalvular AF, the goal international normalized 
ratio (INR) for patients on warfarin is 2-3 with an objective 
of maintaining patients in this therapeutic window. A 
measured marker of the efficacy of this drug is percent 
time in therapeutic range (TTR), which tends to range 
from 50-70% depending on select patient cohorts (8,9). 
Further, in the initial phase, when initiating warfarin in sub-
therapeutic patients, there is a period of hypercoagulability 
associated with an increased incidence of embolic events. 
Therefore some patients are bridged with unfractionated 
or low molecular weight heparin (such as enoxaparin) while 
starting warfarin until they reach the target INR. Thus, 
the emergence of a new generation of oral anticoagulants 
offers the potential for improved patient management and 
superior outcomes. 

In the last five years, three new oral anticoagulants—
dabigatran, rivaroxaban, and apixaban—have been approved 
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by the Food and Drug Administration (FDA) for use in 
patients with nonvalvular AF for the prevention of embolic 
stroke. These NOACs do not require routine laboratory 
monitoring and have been extensively studied with regards 
to safety and efficacy. 

Dabigatran

The first of the NOACs to be studied and FDA approved 
was dabigatran—a direct thrombin inhibitor with a serum 
half-life of 12-17 hours (Table 1) (10). Thrombin enables the 

Table 1 Pharmacological properties of new oral anticoagulants

Drug Dabigatran (pradaxa™) Rivaroxaban (xarelto™) Apixaban (eliquis™)

Mechanism of action Direct thrombin inhibitor Direct factor Xa inhibitor Direct factor Xa inhibitor

Approved indications Stroke prevention in nonvalvular AF; 
VTE treatment; VTE prevention

Stroke prevention in nonvalvular 
AF; VTE treatment; recurrent VTE 
prevention; prophylaxis of VTE  
following hip/knee replacement

Stroke prevention in nonvalvular 
AF; prophylaxis of VTE following 
hip/knee replacement

Dosing in AF 150 mg twice daily  
(CrCl >30 mL/min)

20 mg once daily  
(CrCl >50 mL/min)

5 mg twice daily

75 mg twice daily  
(CrCl 15-30 mL/min)

15 mg once daily  
(CrCl 15-50 mL/min)

2.5 mg twice daily  
(age >80, body weight <60 kg, 
serum creat >1.5 mg/dL)

Bioavailability (%) 3-7 80-100 50

Half-life (h) 12-17 5-9 8-15 

Renal elimination (%) >80 66 25-27

Routine monitoring No No No

Adverse reactions Major bleeding; dyspepsia; nausea; 
upper abdominal pain; diarrhea; 
gastritis; hypersensitivity reaction

Major bleeding; abdominal pain; 
dyspepsia; toothache; fatigue; 
back pain; hypersensitivity; 
angioedema; Stevens-Johnson 
syndrome; cholestasis/jaundice

Major bleeding; drug 
hypersensitivity (<1%), nausea, 
transaminitis; epistaxis; 
hematuria; ocular hemorrhage; 
gingival bleeding

Drug interactions Increased activity with P-gp inhibitors 
dronaderone, ketoconazole
Decreased activity with  
P-gp inducer rifampin
No effect of P-gp inhibitors 
amiodarone, verapamil, quinidine, 
clarithromycin

Increased activity with CYP3A4/5, 
CYP2J2 inhibitors—ketoconazole, 
itraconzaole, ritonavir, 
clarithromycin
Decreased activity with inducers of 
CYP3A4-rifampin, carbamazepine, 
phenytoin, St. John’s Wort

Increased activity with CYP3A4 
inhibitors—ketoconazole, 
itraconzaole, ritonavir, 
clarithromycin
Decreased activity with inducers of 
CYP3A4-rifampin, carbamazepine, 
phenytoin, St. John’s Wort

Effect on 
coagulation tests

↑: TCT, ECT, aPTT
↑Or no change: PT

↑Anti-factor Xa
↑Or no change: PT, aPTT
No change: TCT, ECT

↑Anti-factor Xa
↑Or no change: PT, aPTT
No change: TCT, ECT

Reversal in  
emergency bleeding

Oral charcoal
Hemodialysis
PCC
Desmopressin
Antifibrinolytic agents

PCC
Desmopressin
Antifibrinolytic agents

PCC
Desmopressin
Antifibrinolytic agents

AF, atrial fibrillation; VTE, venous thromboembolism; CrCl, creatinine clearance; CYP3A4, cytochrome P450 3A4; CYP2J2, 
cytochrome P450 2J2; PT, prothrombin time; aPTT, activated partial thromboplastin time; TCT, thrombin clotting time; ECT, 
ecarin clotting time; PCC, prothrombin complex concentrate. Data obtained from Pradaxa (dabigatran etexilate) US Prescribing 
Information, Xarelto (rivaroxaban) US Prescribing Information, Eliquis (Apixaban) US Prescribing Information.
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conversion of fibrinogen to fibrin during the coagulation 
cascade and thus inhibition by dabigatran prevents the 
development of a thrombus (Figure 1). Dabigatran has 
6% bioavailability and 80% renal elimination (10). Peak 
plasma levels are achieved approximately two hours after 
administration. Unlike warfarin, dabigatran does not require 
any routine monitoring and is approved for the treatment of 
nonvalvular AF (11). Current recommended dosing is 150 mg 
twice daily for patients with preserved renal function, i.e., 
a creatinine clearance (CrCl) greater than 30 mL/min (11). 
For patients with CrCl 15-30 mL/min, the recommended 
dosing is 75 mg twice daily (11). 

Although no monitoring is required, dabigatran does 
prolong activated partial thromboplastin time (aPTT). INR 
is relatively unchanged by dabigatran and cannot be used 
for monitoring or assessing anticoagulant effect. In patients 
with preserved renal function, the anticoagulant effect as 
measured by aPTT seems to completely diminish by 48 hours. 
In those with a CrCl less than 30 mL/min, that effect 
can last more than four days. Of note, the ecarin clotting 
time (ECT) is another, less commonly used coagulation 
marker which can also be used to measure the drug effect of 
dabigatran (11). 

The Randomized Evaluation of Long-Term Anticoagulation 
Therapy (RE-LY) trial was a noninferiority study that 
compared the long-term efficacy and safety of dabigatran 
and warfarin in patients with AF (Table 2) (12). The 
trial randomly assigned 18,113 patients to one of three 
cohorts—adjustable dose warfarin to goal INR 2-3, dabigatran 
150 mg twice daily and dabigatran 110 mg twice daily. 
Study investigators concluded that 150 mg twice daily 
dosing was superior to warfarin with respect to primary 
efficacy endpoints of stroke or systemic embolism without 
a statistically significant increased risk of major bleeding. 
Major bleeding was defined as a reduction in hemoglobin 
level of at least 2 g/dL, bleeding requiring a transfusion of 
at least two units of packed red blood cells, or symptomatic 
bleeding in a critical area or organ. Life-threatening 
bleeding, a subset of major bleeding, was defined as fatal 
bleeding, symptomatic intracranial bleeding, bleeding with a 
decrease of hemoglobin level of at least 5 g/dL, or bleeding 
requiring a transfusion of at least four units of packed red 
blood cells, inotropic agent support, or surgery. Dabigatran 
110 mg twice daily compared to warfarin reduced rates 
of major bleeding while remaining noninferior in terms 
of stroke prevention, though both doses increased risk of 
gastrointestinal bleed. Importantly, both doses of dabigatran 
were associated with significantly lower incidence of 
hemorrhagic stroke in comparison to warfarin. The most 
frequent adverse reactions to dabigatran in the RE-LY trial, 
other than bleeding, were gastrointestinal events such as 
dyspepsia, nausea, diarrhea and abdominal pain. 

A long-term observational study of patients in the RE-LY 
cohort were followed for a median of 2.3 years and reported 
in a follow-up study (RELY-ABLE) (13). The rate of stroke 
was 1.46%/year for the 150 mg twice daily dosing regimen 
of dabigatran whereas the rate of major hemorrhage was 
3.74%/year. In comparison, the 110 mg twice daily dosing 
revealed rate of stroke at 1.60%/year and major bleeding 
rate of 2.99%/year, which was a statistically significant 
reduction in bleeding risk without a significant increase in 
development of stroke. Similarly, lower dose dabigatran had 
a death rate of 3.10% vs. 3.02% in the 150 mg twice daily 
cohort. Since RE-LY, numerous subgroup analyses have 
examined safety in patient cohorts isolating certain risk 
factors including renal dysfunction, heart failure, older age, 
and a higher CHADS2 score, and all have demonstrated 
similar safety to warfarin (14-22). 

A major limitation of the use of dabigatran is the lack of 
an FDA approved antidote for use in medical emergencies. 
Though no routine laboratory monitoring is required for 

Figure 1 Site of action of novel oral anticoagulants. Coagulation 
factors are noted in orange squares. Oral anticoagulants are 
displayed in red boxes. Rivaroxaban and apixaban are direct factor 
Xa inhibitors. Dabigatran is a direct thrombin inhibitor (Adapted 
from Bhatt et al.).
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general outpatient follow-up, some laboratory assays (ECT, 
aPTT) are available for emergency situations in which 
patients are suffering from life-threatening bleeding. In 
2011, the EudraVigilance dataset reported 256 cases of 
serious bleeding resulting in death associated with the use of 
dabigatran (23). These findings prompted an in depth FDA 
investigation which concluded that there was no evidence 
that bleeding rates were higher with dabigatran compared 
to other oral agents (24). Emergent hemodialysis has been 
proposed and studied as a technique for drug removal. In 
a study of seven patients with end stage renal disease, a 
four-hour session of hemodialysis was shown to rapidly 
reduce the dabigatran blood concentration and reduce 
the concomitant anticoagulant effect (25). Interestingly, 
an analysis of genetic variants in the RE-LY study cohorts 
suggested that the carriage of a specific allele (CES1 
rs2244613) was associated with a lower risk of bleeding 
without an increased ischemic event risk (26). 

Rivaroxaban

Rivaroxaban is an oral factor Xa inhibitor that is 
administered as a fixed oral dose and does not require any 
routine monitoring. It is FDA approved for treatment of 
nonvalvular AF (27). Current recommended dosing is 20 mg 
daily for patients with CrCl >50 mL/min and 15 mg daily 
for patients with CrCl between 15 and 50 mL/min (27).

Activated factor Xa mediates the conversion of 
prothrombin to thrombin ultimately leading to fibrin 
clot formation (Figure 1). Rivaroxaban selectively and 
competitively inhibits free and prothrombinase/clot-
associated factor Xa through reversible interactions thereby 
inhibiting thrombin formation and decreasing fibrin clot 
formation (28,29). It achieves peak plasma levels 2-4 hours 
after oral administration and has a half-life of 9-13 hours 
with 50% renal clearance (30). Approximately two-thirds 
of an administered dose of rivaroxaban is metabolized via 
cytochrome P450 enzymes (CYP3A4 and CYP2J2) (31). As 
such, an increased risk of bleeding has been observed when 
rivaroxaban is combined with cytochrome P450 isoenzyme 
and P-glycoprotein inhibitors such as itraconazole and 
voriconazole (32).

The gold standard for monitoring rivaroxaban is high-
performance liquid chromatography coupled with tandem 
mass spectrometry; however this is not practical in most 
clinical laboratory settings (33). Rivaroxaban does prolong 
the PT and aPTT but the extent is dependent on the 
reagent used (34). Several different types of PT reagents 

have been studied to assess the pharmacodynamic effects, 
but the difference between these reagents could not be 
standardized with INR calibration (35). For this reason, 
routine clinical assessment of coagulation parameters is not 
feasible.

The “Rivaroxaban Once daily oral direct factor 
Xa inhibition Compared with vitamin K antagonism 
for prevention of stroke and Embolism Trial in Atrial 
Fibrillation” (ROCKET AF) compared the efficacy 
of oral rivaroxaban in preventing stroke and systemic 
embolism in patients with nonvalvular AF with that of 
warfarin (36). ROCKET AF was a large, multi-center, 
randomized, double-blinded, event-driven trial (37). This 
trial demonstrated that rivaroxaban was not inferior to 
warfarin when it came to the combined incidence of stroke 
and systemic embolism (event rate per 100 patient-years 
1.7 vs. 2.2: HR 0.79; 95% CI, 0.66-0.96) (36). Rivaroxaban, 
however, was found to have a significantly higher incidence 
of stroke or systemic embolism when transitioning to 
warfarin therapy from rivaroxaban (event rate per 100 
patient-years 6.42 vs. 1.73; HR 3.72; 95% CI, 1.51-9.16). 
To prevent these events, rivaroxaban should be continued 
with warfarin until a therapeutic INR is achieved (38). 

No statistically significant difference was discovered when 
comparing rivaroxaban and warfarin in regards to major 
or non-major clinically relevant bleeding (HR 1.03; 95% 
CI, 96-1.11). Major bleeding was defined as overt bleeding 
involving a critical anatomical site (intracranial, spinal, 
ocular, pericardial, articular, retroperitoneal, intramuscular 
with compartment syndrome) or associated with transfusion 
of at least two units of packed red blood cells, a drop in 
hemoglobin of greater than 2 g/dL, permanent disability or 
death. Nonmajor bleeding was defined as bleeding associated 
with pain or impairment of activities of daily living, 
requiring medical intervention, unscheduled physician 
contact or temporary discontinuation of the study drug (36). 
Similar to dabigatran in the RE-LY trial, there was a higher 
incidence of major gastrointestinal bleeding when compared 
to patients in the warfarin cohort (36). 

Apixaban

Apixaban is also a direct factor Xa inhibitor (Figure 1) (39). 
It has 66% bioavailability with a plasma half-life of 8- 
15 hours and 25% renal clearance (39). It is FDA approved 
for prevention of stroke and systemic embolism in patients 
with nonvalvular AF. Current recommended dosing is 5 mg 
twice daily for patients with preserved renal function and 
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2.5 mg twice daily for patients with two of the following 
characteristics: age >80 years, body weight <60 kg, serum 
creatinine >1.5 mg/dL (39). 

T h e  A p i x a b a n  f o r  R e d u c t i o n  I n  S Tr o k e  a n d 
Other ThromboemboLic events in atrial fibrillation 
(ARISTOTLE) trial was a double-blinded randomized 
controlled trial of 18,201 patients randomized to either 
warfarin or apixaban (40). A primary endpoint of stroke or 
systemic embolism occurred in 1.27%/yr in the apixaban 
cohort vs. 1.60%/yr in those taking warfarin. This was a 
statistically significant difference indicating superiority 
of apixaban. Major bleeding, defined according to the 
International Society on Thrombosis and Haemostasis 
(ISTH) criteria, occurred in 2.13%/yr in the apixaban 
group compared to 3.09%/yr in the warfarin group, a 
statistically significant reduction in bleeding risk (40,41). 
Major bleeding was defined as acute or sub-acute clinically 
overt bleeding accompanied by at least one of the following: 
decrease in hemoglobin level of at least 2 g/dL, bleed 
requiring transfusion of at least two units of packed 
red blood cells, or bleeding that was fatal or occurred 
in a critical site (intracranial, spinal, ocular, pericardial, 
articular, intramuscular with compartment syndrome, 
retroperitoneal). Additionally, all-cause mortality was found 
to be significantly lower in the apixaban cohort—3.52%/yr vs. 
3.94%/yr in the warfarin cohort (hazard ratio: 0.89; 95% 
CI, 0.80-0.99; P=0.047). Thus, the ARISTOTLE trial 
demonstrated that apixaban is not only more effective than 
warfarin at preventing stroke, but also safer in terms of 
bleeding risk and risk of death. 

In the AVERROES trial (apixaban versus acetylsalicyclic 
acid to prevent stroke in AF patients who have failed or are 
unsuitable for vitamin K antagonist treatment), apixaban was 
compared to aspirin alone for stroke prevention (42). The 
trial was terminated early because of a clear, overwhelming 
benefit of anticoagulation in the apixaban cohort. The rate 
of major bleeding in the apixaban group was similar to that 
seen in the ARISTOTLE trial. 

Discussion

A meta-analysis performed by Gómez-Outes et al. analyzed 
safety and efficacy of all three oral anticoagulants (43). 
In all, more than 50,000 patients were included in the 
analysis. All three drugs demonstrated similar efficacy in 
prevention of non-hemorrhagic stroke when compared to 
warfarin in nonvalvular AF. Each of the respective pivotal 
trials indicated an overall statistically significant reduction 

in all strokes, both hemorrhagic and ischemic compared to 
warfarin. Two other meta-analyses have supported these 
conclusions (44,45).

A common disadvantage among all three oral agents is 
the lack of an antidote in cases when patients suffer major 
bleeding complications. The most worrisome complication 
of anticoagulation is the risk of intracranial hemorrhage. In 
this regard, the NOACs appear to be superior in that they 
confer a lower risk of intracranial bleeding compared to 
warfarin. However, the effects of warfarin can be reversed 
with administration of vitamin K or recombinant factor 
X. Though no antidote currently is available for NOACs, 
their short half-lives allow relatively quick elimination in 
patients with preserved renal function. Some studies have 
suggested that activated charcoal can be used to decrease 
the absorption of dabigatran (46). Prothrombin complex 
concentrates have been shown to reverse the anticoagulant 
effect of rivaroxaban completely in healthy subjects (47). In 
addition to these agents, general measures for treating acute 
bleeding should also be undertaken including mechanical 
compression, volume resuscitation, close hemodynamic 
monitoring, and packed red blood cell transfusions as 
indicated. For patients with severe or life threatening 
bleeding, transfer to an intensive care setting where 
additional hemodynamic supportive care with vasopressors 
and emergency dialysis can be delivered should be strongly 
considered.

Importantly, a recent randomized, double-blind, placebo 
controlled trial of 145 healthy volunteers demonstrated that 
idarucizumab, a humanized antibody that binds dabigatran 
with high affinity, could result in immediate and sustained 
reversal of the anticoagulant effect (48,49). Idarucizumab 
appears to be well tolerated without significant side effects 
and completely reverses prolonged clotting time within 
five minutes of administration. This is the first report of a 
specific antidote for one of the NOACs, but further studies 
are required before it can be made available for widespread 
clinical use.

The use of oral anticoagulants in numerous other 
clinical scenarios remains uninvestigated. Currently, 
concomitant use of clopidogrel and aspirin is approved 
only alongside warfarin. The PETRO trial showed that 
aspirin in conjunction with dabigatran increased the risk of 
bleeding, but only in patients receiving doses higher than 
currently recommended (300 mg twice daily); there was 
no increased risk of bleeding when combined with only 
150 mg (50). However, the PETRO trial was limited by a 
small sample size and further studies are required. To date, 
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there is a paucity of data evaluating the safety of combined 
ticagrelor or prasugrel with any of the factor Xa inhibitors 
or dabigatran (51-55). 

Another scenario requiring further study is perioperative 
anticoagulation for patients on NOACs. The periprocedural 
management of patients on NOACs is a common clinical 
problem that is very complex and patient specific. The 
short half-lives and predictable pharmacokinetics of the 
NOACs allows for potentially improved perioperative 
management. A careful assessment of patient and procedure 
risk of thrombosis and bleeding must be completed prior to 
developing an anticoagulation strategy. Table 3 summarizes 
current recommendations on perioperative management 
for each of the NOACs depending on risk of surgery and 
renal function; however, these recommendations are based 
primarily on expert opinion (56). Further investigation is 
needed to evaluate the safety of NOAC in the perioperative 
window for patients needing both elective and emergent 
surgery. Of note, the European Heart Rhythm Association 
(EHRA) recommends these medications be held 18-24 hours 
prior to a planned procedure and restarted six hours post-
procedure for those with minimal bleeding risk, i.e., 
ophthalmological and dermatological procedures (57). The 
EHRA recommends holding these agents >48 hours prior to 
elective procedures with high bleeding risk, e.g., abdominal 
and cardiothoracic surgeries, vascular procedures, liver and 
kidney biopsies. 

Lastly, little is known about the relative cost-effectiveness 
of each NOAC compared to warfarin. Some data are 
available based on studies conducted in the United Kingdom 
(58,59). Recently, Desai et al. published a study that 
evaluated the utilization practices and relative cost of each 
NOAC versus warfarin by exploring total drug expenditures 

for patients and insurers in the United States (60). A total 
of 6,893 patients taking warfarin or a NOAC were enrolled 
over a 33-month period. Patient out-of-pocket spending 
(copayments, coinsurance, deductible) and insurer spending 
(plan-paid amount) for each drug were plotted over a six-
month period. Patient out-of-pocket spending was five-fold 
higher in NOACs compared to warfarin and 15-fold higher 
for insurance spending—an absolute total cost difference 
of approximately $900 per month. However, patients 
taking NOACs had fewer office visits, hospital days and 
hospitalizations within 30 days of medication initiation as 
compared to patients prescribed warfarin. Of note, patients 
on NOACs were younger with lower CHADS2 scores. 
Importantly, patients on a NOAC in RE-LY, ROCKET-AF, 
and ARISTOTLE had relatively higher CHADS2 scores 
when compared to current prescribing practices.

Recommendations to prescribers

In prescribing NOACs to patients for stroke prevention in 
nonvalvular AF, a thorough discussion regarding risks and 
benefits based on an in depth understanding of each patient’s 
comorbidities and personal preferences should occur. For 
patients currently on warfarin and desiring conversion to 
one of the newer agents, NOACs would be recommended 
only for patients who have proven excellent medication 
compliance in the past. Given the shorter half-life of these 
medications, even a few consecutively missed doses could 
result in a higher risk of stroke or systemic embolism. 
Additionally, patients who have suffered gastrointestinal 
hemorrhage should be warned of the higher risk for this 
complication. As such, adherence to medical therapy and 
close self-monitoring for any bleeding complications needs 

Table 3 Perioperative use of novel oral anticoagulants*

Risk of 

surgery

Dabigatran (pradaxa™) Rivaroxaban (xarelto™) Apixaban (eliquis™)

CrCl > 

50 mL/min

CrCl 30- 

50 mL/min*

CrCl > 

50 mL/min

CrCl 30- 

50 mL/min*

CrCl > 

50 mL/min

CrCl 30- 

50 mL/min*

Low

Hold 2 days (2 doses) 2 days (4 doses) 2 days (1 dose) 2 days (1 dose) 2 days (2 doses) 2 days (2 doses)

Resume 1 day after 1 day after 1 day after 1 day after 1 day after 1 day after

High

Hold 3 days (4 doses) 5 days (8 doses) 3 days (2 doses) 3 days (2 doses) 3 days (4 doses) 3 day (4 doses)

Resume 2-3 days after 2-3 days after 2-3 days after 2-3 days after 2-3 days after 2-3 days after

NOAC, new oral anticoagulant; CrCl, creatinine clearance. *, Doses for reduced renal function as described in Table 1. Adapted 

from Spyropoulos et al. 
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to be emphasized when first prescribing any of these drugs. 
Although routine monitoring is not required for these 
medications, the lack of a clear marker of anticoagulant 
activity makes verifying compliance very difficult. For 
patients already on these agents, close clinical follow-up for 
adverse events must be pursued. In the near future, more 
data regarding safety and efficacy of these drugs will become 
available and will further inform our clinical practice.
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